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PREFACE 


In updating this eighth edition of the Student Solutions Manual, originally created by Robert Atkins and 
Francis Carey, it has been our hope to maintain their original focus—that tbe study of organic chemistry will 
be aided by use of this manual. Jt is our intention that the new solutions offered in this manual are as 
meaningful and useful as the original solutions and that they seamlessly blend into the existing problems. 


Indeed, we discuss the art of mastering organic chemistry with our undergraduates from the first day of 
class. We stress that the proper way to learn organic chemistry is to figure out how to solve a problem, not 
memorize steps. In our many years at the University of Arkansas and at Villanova University, we have taught 
thousands of students, most of whom have gone on to successful careers in many different professions. We 
like to emphasize that what "sticks" from our classes is the process of how the students ultimately proceed, 
with data in hand, to solve problems and that this may carry over to these many professions. For instance, a 
student who wishes to become a physician may consider that he or she will use many pieces of data 
(symptoms and a myriad of lab tests) in determining the proper treatment for a patient. This is not unlike a 
student solving a problem in organic chemistry who must understand the many concepts and specific details 
of each reaction step to successfully complete a problem. In addition to the solutions to the text questions, the 
Self-Test at the conclusion of each chapter is designed to test the student's mastery of the material. The 
answers to the self-test qnestions are found in the Appendix at the back of this book. 


After accomplishing this update, which included writing over 175 new solutions to problems, we now have 
an even deeper respect for Atkins and Carey in what they have accomplished for over 20 years. The 
completion of this manual was made possible through the time and talents of numerous people including 
NTA's colleague, Matt McIntosh, who proofed the manual as it was progressing toward completion. We 
would also like to acknowledge the talented folks at McGraw-Hill. This includes Jodi Rhomberg, Mary Jane 
Lampe, Sheila Frank, and Tamara Hodge with whom we communicated weekly, if not in some cases daily, 
on critical updates of the text. NTA would like to thank the most, however, his wife Amelia Allison. She 
provided unwavering support and understanding for the long hours invested in this work. 


Neil T. Allison, University of Arkansas 
Robert Giuliano, Villanova University 


TO THE STUDENT 


Before beginning the study of organic chemistry, a few words about “how to do it" are in order. You've 


probably heard that organic chemistry is difficult; there's no denying that. It need not be overwhelming, 
though, wben approached with the right frame of mind and with sustained effort. 

First of all you should realize that organic chemistry tends to "build" on itself. That is; once you have 
learned a reaction or concept, you will find it heing used again and again later on. Tn this way it is quite 
different from general chemistry, wbich tends to be mnch more compartmentalized. In organic chemistry you 
will continually find previously learned material cropping up and being used to explain and to help you 
understand new topics. Often, for example, you will see the preparation of one class of compounds using 
reactions of other classes of compounds studied earlier in the year. 


PREFACE 


How to keep track of everything? It might be possible to memorize every bit of information presented 
to you, but you would still lack a fundamental understanding of the subject. It is far better to generalize as 
much as possible. 

You will find that the early chapters of the text will emphasize concepts of reaction theory. These will 
be used, as the various classes of organic molecules are presented, to describe mechanisms of organic 
reactions. A relatively few fundamental mechanisms suffice to describe almost every reaction you will 
encounter. Once learned and understood, these mechanisms provide a valuable means of categorizing the 
reactions of organic molecules. 

You will need to learn numerous facts in the course of the year, however. For example, chemical 
reagents necessary to carry out specific reactions must be learned. You might find a study aid known as flash 
cards helpful. These take many forms, but one idea is to use 3 X 5 index cards. As an example of how the 
cards might be used, consider the reduction of alkenes (compounds with carbon-carbon double bonds) to 
alkanes (compounds containing only carbon—carbon single honds). The front of the card might look like this: 


Alkenes ——- alkanes 


The reverse of the card would show the reagents necessary for this reaction: 


Но, Pt or Pd catalyst 


The card can actually be studied in two ways. You may ask yourself: What reagents will convert 
alkenes into alkanes? Or, using the back of the card: What chemical reaction is carried out with hydrogen and 
a platinum or palladium catalyst? This is by no means the only way to use the cards—be creative! Just 
making up the cards will help you to study. 

Although study aids such as flash cards will prove helpful, there is only one way to truly master the 
subject matter in organic chemistry—do the problems! The more you work, the more you will learn. Almost 
certainly the grade you receive will be a reflection of your ability to solve problems. Don't just think over the 
problems, either; write them out as if you were handing them in to be graded. Also, be careful of how you 
use the Solutions Manual. The solutions contained in this book are intended to provide explanations to help 
you understand the problem. Be sure to write out your solution to the problem first and only then look it up 
to see if you have done it correctly. 

Students frequently feel that they understand the material but don't do as well as expected on tests. One 
way to overcome this is to “test” yourself. Each chapter in the Solutions Manual has a self-test at the end. 
Work the problems in these tests without looking up how to solve them in the text. You'll find it is much 
harder this way, but it is also a closer approximation to what will be expected of you when taking a test in 
class. 

Success in organic chemistry depends on skills in analytical reasoning. Many of the problems you will 
be asked to solve require you to proceed through a series of logical steps to the correct answer. Most of the 
individual concepts of organic chemistry are fairly simple; stringing them together in a coherent fashion is 
where the challenge lies. By doing exercises conscientiously you should see a significant increase in your 
overall reasoning ability. Enhancement of their analytical powers is just one fringe benefit enjoyed by those 
students who are fully involved in the course rather than simply attending it. 

Gaining a mastery of organic chemistry is hard work. We hope that the hints and suggestions outlined 
here will be helpful to you and that you will find your efforts rewarded with a knowledge and understanding 
of an important area of science. 


Neil T. Allison 
Robert Giuliano 
Robert C. Atkins 
Francis A. Carey 


CHAPTER 1 
Structure Determines Properties 


SOLUTIONS TO TEXT PROBLEMS 


1.1 


1.2 


The number of electrons in an element is equal to the number of protons in its nucleus and is given by 
its atomic number Z. For carbon, Z = 6. Therefore, carbon has six electrons. Of these, only the two 2s and 
two 2p electrons are valence electrons. The two 15 electrons are not valence electrons. 

Silicon, like carbon, is in group 4 of the periodic table. The number of valence electrons of 
main-group elements is the same as the group number. Tberefore, silicon has four valence electrons. 


Electron configurations of elements are derived by applying the following principles: 


(a) The number of electrons in a neutral atom is equal to its atomic number Z. 


(b) The maximum number of electrons in any orbital is two. 


(c) Electrons are added to orbitals in order of increasing energy, filling the 1s orbital before any 
electrons occupy the 25 level. The 2s orbital is filled before any of the 2p orbitals, and the 3s orbital 
is filled before any of the 3p orbitals. 


(d) All the 2p orbitals (2 py, 2ру, 2p;) are of equal energy, and each is singly occupied before any is 
doubly occupied. The same holds for the 3p orbitals. 


CI 
Ar 


—(ое=13) 9 


(2=11) 
(2=12) 
(2=14) 
(2=15) 
(2=16) 
(2=17) 
(2=18) 


With this as background, the electron configuration of the third-row elements is derived as follows 
6 25725.2 
[2р -2px2py2pz]: 


1522522 p63,! 
1522522p935? 

1522522 p935? 3p. 
1522522 935? 3p. 3p 
15?25?2p$3$? 3p, 3p 3p 
15225 2 p839 3p? 3pl3p] 
15225?2p935? зр? 3p5 3p: 
15225 2 p°3s* 3p? 3p; 3pe 


1.3 


1.4 


1.5 


1.6 
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A sodium atom (Na) has 11 electrons. A sodium ion (Ма“) has one less, or 10 electrons. The +2 ion 
that contains 10 electrons must have 12 protons in its nucleus. The element with Z = 12 is magnesium. 
Мр" is isoelectronic with Ма“. 

А —2 ion with 10 electrons must have 8 protons in its nucleus. The element with Z = 8 is oxygen. 


027 is isoelectronic with Ма“. 


The atomic number of chlorine is 17. The ion Cl” has one more electron than the 17 protons in its 
nucleus. Therefore, CI" has 18 electrons. In order to have a charge of —2, an ion that is 
isoelectronic with Ci” must have 16 protons in its nucleus. The ion is s?-. 


The electron configurations of the designated ions are: 


Number of Electronsin Electron Configuration 


Ion Z Ton of Ion 
фу Не 2 1 15! 
(с) H 1 2 152 
(d) o 8 9 1522522 р° 
(e) Fo 9 10 1522522 p 
(f) Са? 20 18 1522522 p S35? 3 p 


Those with a nohle gas configuration are Н, Е”, and Са?*. КЎ and Са?* are the only 
isoelectronic ions. Both have a total of 18 electrons. 


A positively charged ion is formed when an electron is removed from a neutral atom. The following 
equation represents the ionization of carbon and the electron configurations of the neutral atom and 
tbe ion: 

C EE ct + е 


15?25?2p12 py 1522522 р 


A negatively charged carbon is formed when an electron is added to a carbon atom. The additional 
electron enters the 2p, orbital. 


Q + wt — с 
1522522р12р) 15?25?2 pl pl 2pl 


Neither СУ nor С“ has a noble gas electron configuration. 
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1.7 


1.8 


1.9 


(b) In order to have four bonds to carbon, CH4O must have a carbon-oxygen bond. 


H 
Combine carbon, ENS to write a Н. H 5 
oxygen, and He +Ç. +O» «Н Lewis structure НО О Н or H—-C—O-H 
four hydrogens m is for methanol H Е 
H 


The 14 valence electrons of CH4O are distributed among five covalent bonds and two unshared 
pairs of oxygen. 


(c 


м 


Three of the four bonds involving carbon аге to hydrogen atoms; the fourth is to fluorine. Carbon 
contributes four electrons, fluorine seven, and the three hydrogens contribute one each. The total number 
of valence electrons in CHF is 14. 


Е H 
Combine carbon, a to write a н, е 
fluorine, and He *C* •Е: Lewis structure HCF: or Н—С—Е: 
three hydrogens : for methyl fluoride н” ü di 
H 


The 14 valence electrons of CH3F are distributed among four covalent honds and three unshared 
pairs of fluorine. 


(d) The only possible structure for С,Н;Е in which each carbon has four bonds must contain a 
carbon-carbon bond. 


; H 
COL о NE NE а 
^in He «Ce «С. oF? Lewis structure Hic:C:F: or H-C-C—Fi 
fluorine, and СА .. for ethyl fluorid ee ee ee | јр •' 
five hydrogens я n iuc eu T HH H H 


The number of valence electrons in C HF is 20; eight contributed by two carbons, seven by 


fluorine, and a total of five by the hydrogens. These 20 valence electrons are distributed among 
7 covalent bonds plus three unshared electron pairs of fluorine in С,Н;Е. 


(b) Hydrogen cyanide (HCN) has 10 valence electrons; one from hydrogen, four from carbon, and five 
from nitrogen. 


Combine Н: ©. Ni to give НС: 


In order to satisfy the octet rule, pair the remaining unpaired electrons of carbon with those of 
nitrogen so as to give a triple bond in: 


Н ШМ: or Н—С=№ 


The partial positive charge of hydrogen is greatest when the atom it is attached to is most 

electronegative. Among the atoms to which hydrogen is bonded in the compounds СНА, NH4, H50, 

На, and Н,5, oxygen is the most electronegative. Therefore, 9+ is largest for hydrogen in H,O. 
Hydrogen will bear a partial negative charge when the atom to which it is bonded is less 

electronegative than hydrogen. The electronegativity of hydrogen is 2.1 versus 1.8 for silicon 

(text Table 1.3). Therefore, hydrogen bears a partial negative charge in SiH;. 
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The Pauling electronegativity scale (text Table 1.3) may be used to solve this problem. For instance, for the 
bond Н— О, hydrogen is 2.1 and oxygen has a higher value of 3.5. This can be qualitatively represented 
two different ways as shown in the first answer in (a) and (b). The + part of the arrow indicates the 
electropositive atom in (a). 


Alternatively, for (5), the 5" symhol indicates the electropositive atom whereas the $ indicates the 
electronegative atom. 
The periodic table may also be helpful in assigning electronegativity. Electronegativity increases from left to 
right across a row. It decreases down a column or group. For instance, for the third entry in (a) and (5), 
C—O, carbon is to the left of oxygen on the periodic table; thus, carbon is less electronegative as indicated. 


eee ee > 


(à H-O H-N со С=О с-м C=N C= 
6+ 6- 5+ 5 8 8 6 8 8* 5 65+ б S 8 
(b  H-O н-м C—O С=О C—N C=N C=N 
111 (2) The formal charges in sulfuric acid are calculated as follows: 
Valence Electrons in 
Neutral Atom Electron Count Formal Charge 
Hydrogen: 1 1(2)=1 0 
Oxygen (of OH): 6 1(4)+4=6 0 
Oxygen: 6 1(2)+6=7 -1 
Sulfur: 6 4(8)+0=4 +2 
os | [2+ ee 
H-( AN E. )-H 
(c) The formal charges in nitrous acid are calculated as follows: 
Valence Electrons in 
Neutral Atom Electron Count Formal Charge 
Hydrogen: 1 iyi 0 
Oxygen (of OH): 6 1(4)+4=6 0 
Oxygen: 6 4(4)+4=6 0 
Nitrogen: 5 1(6)+2=5 0 
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1.12 


1.14 


The electron counts of nitrogen in ammonium ion and boron in borobydride ion are both 4 
(one-half of eight electrons in covalent bonds). 


H H 
|+ | 
oy nm —H 
H H 
Ammonium ion Borohydride ion 


Because a neutral nitrogen has five electrons in its valence shell, an electron count of 4 gives it a 
formal charge of +1. A neutral boron has three valence electrons, and so an electron count of 4 in 
borohydride ion corresponds to a formal charge of —1. 


The two terminal nitrogens each have an electron count (6) that is one more than a neutral atom and 
thus each has a formal charge of —1. The central М has an electron count (4) that is one less than a 
neutral nitrogen; it has a formal charge of + 1. The net charge on the species is (-1 + 1 — 1), or -1. 


мем 
(b) First count the valence electrons in C4H;CI. 
Carbon: 3 atoms X 4 valence electrons/atom = 12 valence electrons 
Hydrogen: 7 atoms X 1 valence electron/atom — 7 valence electrons 
Chlorine: 1 atom X 7 valence electrons/atom = 7 valence electrons 
Total = 26 valence electrons 


Because chlorine can be bonded only to one other atom, only two connectivities are possible. 


MM M | | | 
EE pac 


ME 


Place one hydrogen on each of the bonds available to carbon. 


md ros 
x m x and Hoe о 
H H H Н Cl H 


Each structural formula has 10 bonds, which account for 20 electrons. Place the remaining 
six electrons as unshared pairs on chlorine to complete its octet. 


ннн HH oH 
ee | 
H-C-C-C-CH and H-C-C-C-H 
H HH H :CEH 


There are two constitutional isomers having the formula C4H;CI. 


(c) Proceed as in parts (a) and (5) of this problem. 
The number of valence electrons contained in a molecular formula of C4H4O is 26 (12 contributed 


by three carbons, 8 contributed by eight hydrogens, and 6 contributed by one oxygen). 
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Three connectivities are possible in which carbon has four bonds. Two of these connectivities 
have a continuous chain of three carbons. The third has the atoms connected in the order CCOC. 
—C—C—C—O-H === (= == < С=0-С== 


en BE mE 


Complete the number of available C—H bonds; there are seven in the first two structures, eight 
in the third. 


rg ra EN 

ee созбо з у 

H H H H O H H H 
| 


Each structural formula has 11 bonds, accounting for 22 electrons. The remaining four electrons 
are assigned to oxygen as two unshared pairs. The octet rule is satisfied. 


e P d ero 
ия. жа. th ОЕ Sn 
H HH H:O: H H H H 
H 


There are three constitutional isomers having the formula C4HgO. 


115 (a) Number of valence electrons in CH,NO,: 


С=4, N-5, 
total = 24 
three H=3, twoO=12 
но 
: -— : 
Number of electrons in single bonds in Horis six bonds = 12 electrons 
H 


Subtracting the electrons from the single bonds from the total number of valence electrons gives a 
remainder of 12 electrons that need to be added. Add them in pairs, beginning with the most 
electronegative atom. Complete the octet of each atom before moving to the next one. 


H . + 
ЖЕР у: 
H-C—N. . 


Nitrogen has only six electrons, so use one of the oxygen unshared pairs to form a double bond between 
nitrogen and oxygen. 


Woo Oo 2: 
H—C—N ~) becomes H—C—N/ 
| ^o: | ^o: 
Assign formal charges to give the complete Lewis structural formula. 
H Or 
e 
| ба 
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(b) Number of valence electrons in CHNO: 


TwoC=8 N25, 
total = 24 
fiveH=5, O=6 


/ 
Number of electrons in single bonds in XM. eight bonds = 16 electrons 
H 


Subtracting the electrons from the single honds from the total number of valence electrons gives a 
remainder of eight electrons that need to be added. Add them in pairs, beginning with the most 
electronegative atom. Complete the octet of each atom before moving to the next one. 


н “б 

T а 
|  ^N-H 

H \ 

H 


Carbon has only six electrons, so use one of the oxygen unshared pairs to form a double bond between 


carbon and oxygen. In this compound, there are no formal charges. 


н 79: H : 
: | 7 
н-с—с^;р becomes „йа т 
H мн н. qr 
H H 


(c) Number of valence electrons in C)H;NO: 


TwoC=8 М=5, 
total = 24 


fiveH=5, O=6 


H 
H хо | 
Number of electrons in single bonds in HO eight bonds = 16 electrons 
H H 


Subtracting the electrons from the single bonds from the total number of valence electrons gives a 


remainder of eight electrons that need to be added. 
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Add them in pairs, beginning with the most electronegative atom. Complete the octet of each atom 
before moving to the next one. 


я 
|; М —O. 
H-C-C 
| \ 
H H 


Carbon has only six electrons, so use one of the nitrogen unshared pairs to form a double bond 
between nitrogen and carbon. In this compound, there are no formal charges. 


H H 

Hu А wy 

LGN? Ho NO. 
чес Бесоте$ НСС 
H H Н H 


1.16 The resonance structures for carbonate are shown here. If one considers the top carbon-oxygen bond in each 
of the resonance structures, the left structure has a double bond whereas the other two structures have single 
bonds. If one considers the remaining two carbon-oxygen bonds in each structure, each has the same count: 
one double and two single bonds. Thus, all three carbon-oxygen bonds would be predicted to have 


equivalent lengths. 
et 30: 10 
|| | ! 
Обе, = ANC 6 Pus 
0..0. оО io ОГ 


1.17 (b) Carbon has only six valence electrons and is positively charged in the original structural formula. 
Move the unshared electron pair from nitrogen to a shared position between nitrogen and carbon. 
The double boud becomes a triple bond. 


+ (2 


+ 
H-C—N—H => H-CzN—H 


The new structure has one more bond than the original structure so is more stable and makes a 
greater contribution to the resonance hybrid. The octet rule is satisfied for both carbon and nitrogen 
in the new Lewis structure. 


(c) Moving an unshared pair from oxygen to between carbon and oxygen converts C—O to C=O. 
Moving a pair of electrons to nitrogen converts C=N to C—N. 


Mer ; 

7 2 

EQ <) ——-> md 
Сен :N—-H 


The number of bonds is the same in both the original and final structural formulas. The original 
structure, which has its negative charge on oxygen, is more stable than the second one, which has 
its negative charge on nitrogen. Oxygen is more electronegative tban nitrogen and can bear a 
negative charge better. 


(d) Reorganizing the electrons as indicated by the curved arrows changes the electron counts and 
formal charges of the two oxygens. 


o's + .. _ 
TE NAT — H-O=N—-0: 
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Positively and negatively charged atoms are separated from each other in the new structure. The original 
structure is more stable because it has no charge separation. 


1.48 (b) The compound (CH3)3 CH has a central carbon to which are attached three CH, groups and a hydrogen. 


Four carbons and ten hydrogens contribute 26 valence electrons. The structure shown has 13 covalent 
bonds, and so all the valence electrons are accounted for. The molecule has no unshared electron pairs. 


(c) The number of valence electrons in CICH;CH,CI is 26 (221 = 14; 4H = 4; 2C = 8). The constitution at 
the left shows seven covalent bonds accounting for 14 electrons. The remaining 12 electrons are divided 
equally between the two chlorines as unshared electron pairs. The octet rule is satisfied for both carbon 
and chlorine in the structure at the right. 


ЛК i 
ола аге ЕСА 
H H H H 


(d) This compound has the same molecular formula as the compound in part (c) but a different structure. It 
is a constitutional isomer of the compound in part (c). It, too, has 26 valence electrons, and again only 
chlorine has unshared pairs. 


(e) The connectivity of CH;NHCH,CH;j is shown (on the left). There are 26 valence electrons, and 24 of 


their are accounted for by the covalent bonds in the structural formula. Tbe remaining two electrons 
complete the octet of nitrogen as an unshared pair (on the right). 


NE NM 
о нл оен 
HHHH H H H H 
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1.19 (b) This compound has a four-carbon chain to which two other carbons are attached. 


I 
v is equivalent to ax mi Nhu which may be rewritten as (СНз)› CHCH(CH3 h 
H CH; 


(c) The carbon skeleton is the same as that of the compound in part (Р), but one of the terminal carbons 
bears an OH group in place of one of its hydrogens. 


н 
HO—C—H CHOH 
is equivalent to H which may be rewritten аѕ СНзСНСН(СНЗ)2 
H3C— rum n CH4 
H CH; 


(d) The compound is a six-membered ring that bears a —-C(CH3)3 substituent, 


| | 
H 
pg T 
N A which may be 
1 
(У че Зи ent A хн Е ЕСИ (cen 
С—С 
^[ №. Гена 
Н н H Н сн; 


1.20 (a) Writing out the bond-line formula or carbon skeletal diagram to show all of the hydrogen and carbon 


atoms as shown in Problem 1.19 allows for the counting of each atom. In the case of the first molecule 
the diagram 


Li 


H HH HH HH HH 
\ и \_/ NU 


\ 

H C C c. С 

“ыш А ыш С is equivalent to Pod ве bd pd a 
H HH HH HHH H H 


Molecular formula: СН: 
This conversion clearly shows that 10 carbon atoms and 22 hydrogen atoms are present. Thus, the 


formula СН, can be determined by counting the number of carbons and hydrogens. 
Refer to Problem 1.19 to see the expanded formulas for the remaining structures (b) through (d). By 


counting the individual atoms, the remaining problems are solved similarly. 


Molecular formula: CgH,4 Molecular formula: CgH;40 Molecular formula: СлоН2о 


HO 
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1.21 


1.23 


(b) 


HO 


For cholesterol, the molecular formula can be determined as before, drawing out all of the carbon, 
hydrogen, and oxygen atoms as shown here. 


11 


H H 
H- HHH н 
H H H HAB e" 
CH; u-€ Нун Heer С 
Hc LH LN [^H 
CH; " H pu c а H CH; 
is equivalent to Н. Кеч „СС ^H 
Hwee CL er A 
| | H | Hy H 
yo fe Se Sg 
H /^ | H 
HH H 


Molecular formula: C2;H450 


There are four B—H bonds in ВН„“. The four electron pairs surround boron in a tetrahedral orientation. 
The Н—В—Н angles are 109.5°. 


(b) 


(d 


~ 


(b) 


(d) 


Nitrogen in ammonium ion is surrounded by eight electrons in four covalent bonds. These four 
bonds are directed toward the corners of a tetrahedron. 


H 
Нах» H Басһ HNH angle is 109.5°. 
/ 
H 


Double bonds are treated as a single unit when deducing the shape of a molecule using the 
VSEPR model. Thus azide ion is linear. 


_.•.• + ••— i 
*N=N=N? The NNN angle is 180°. 
Because the double bond in carbonate ion is treated as if it were a single unit, the three sets of 
electrons are arranged in a trigonal planar arrangement around carbon. 


— The OCO angle is 120° 
N 


Water is a bent molecule, and so the individual O—H bond dipole moments do not 
cancel. Water has a dipole moment. 


L] M Pe "s 
R^ ~ ни 
Individual OH bond Direction of net 
moments in water dipole moment 


Methane, CH4, is perfectly tetrahedral, and so the individual (small) C—H bond dipole 
moments cancel. Methane has no dipole moment. 


Methyl chloride has a dipole moment. 
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H H 
H 2 oe : p es : 
“00: нса: 
H oe H ce 
Directions of bond dipole Direction of molecular 
moments in CH3Cl dipole moment 


(e) Oxygen is more electronegative than carbon and attracts electrons from it. Formaldehyde 
has a dipole moment. 


H 
ы . e o: 
d +” = мы 
Н Н 
Direction of bond dipole Direction of molecular 
moments in formaldehyde dipole moment 


(f) Nitrogen is more electronegative than carbon. Hydrogen cyanide has a dipole moment. 


+ + и 
Н—С==М: H—CzN: 
Directions of bond dipole Direction of molecular 
moments in HCN dipole moment 


1.24 (b) The carbon—bromine bond breaks. The pair of electrons in that bond is retained by bromine, 
which becomes a bromide ion in the product. The organic product is a cation, having a formal 
charge of +1 on the central carbon. 


ge n 
H4C-C-CH, = c + ве 
Я | HC * CH es 

«ОГ» 


Charge is conserved. A neutral molecule dissociates to a +1 ion and a —1 ion. 


1.25 (b) In the reverse process, an unshared pair of bromide ions becomes the pair of electrons in a C-Br bond. 


С ie 

AX + IB оа 
НзС ОН» үз 
Ld Г» 


1.26 The problem states that NaSH is converted to H5S. Therefore, a bond must form between the sulfur of HS” 
and a hydrogen of H,0*. Electrons flow from the negatively charged sulfur to one of the hydrogens. The 
pair of electrons in the O-H bond that is broken becomes an unshared pair of oxygens. 


The net charge is zero on both sides of the equation. 


1.27 The strengtb of an acid can be expressed by its pK,, given by the expression: 
pK, =—logk, 


The Ка of salicylic acid is 1.06x 10 ^; its pK, is 2.97. 
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1.31 


1.32 


Structure Determines Properties 


Because the pK, of HCN is given as 9.1, its K, = 1079-1, In more conventional notation, 
K, = 8 x 10710, 


(b) In ап acid-base reaction, a proton is transferred from the Brgnsted acid, in this case HCI, to the 
Brensted base, in this case (CH3)4N:. Remember to use curved arrows to track the movement 
of electrons, not atoms. 


AOON oe + ..— 
(сну + Bgo === (Сон + с 
Trimethylamine Hydrogen chloride Trimethylammonium Chloride ion 
(base) (acid) ion (conjugate base) 


(conjugate acid) 


Hydride ion is a strong base and will remove a proton from water. The conjugate acid of hydride ion is 
hydrogen (H,). 


h D 


H: н-д: ——+ H-H + :0-H 
H 
Hydride ion Water Hydrogen Hydroxide ion 
(base) (acid) (conjugate acid) (conjugate base) 


(b, c) You can determine the relative strength of two bases by comparing the рК, 5 of their respective 
conjugate acids. Remember that the stronger base is derived from the weaker conjugate acid. 


Base: HCzCi HN? снн 
Conjugate acid; HC=CH NH; СНзСН2ОН 
pK, of conjugate acid: 26 36 16 


Recall that the smaller pK, is associated with the stronger acid. Ammonia is a weaker acid than 


acetylene (HC CH); therefore, amide ion (H9N:) is a stronger base than acetylide ion (НСЕ<С7 ). 
Similar reasoning leads to the conclusion that because acetylene is a weaker acid than ethanol 


(CH4CH»; OH), acctylide ion is a stronger base than ethoxide ion (CH3CH,0: ). 


Bond strength weakens going down a group in the periodic table. Because sulfur lies below 
oxygen, the H—S bond is weaker than the H—O bond. We would expect Н,5 to be a stronger 


acid than Н2О, and this prediction is borne out by their respective pK,'s: 
H2S Н20. 


рК 9 15,7 


Because the stronger acid forms the weaker conjugate base, HS7 is a weaker base than НО’. 
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+ + 
1.33 (b) In part (a) of the problem, you determined that (CH3);OH is a stronger acid than (CH3)3NH. 


Recalling that the weaker acid forms the stronger conjugate base, (CH3)4N: is a stronger base 
than (CH3),03. 


1.34 To compare the strength of bases, look up the pX,,’s of their conjugate acids. Ethanol has a pK, of 16; 
tert-butyl alcohol has a pK, of 18. Ethanol is a stronger acid than tert-butyl alcohol. Therefore 
tert-butoxide ion is a stronger base than ethoxide. 


1.35 The Brénsted acid-base equilibria for the ionization of hypochlorous and hypobromous acid are 


** oe А „Я oe .. +Z 
-02u + 10 = + он-@ 


ee oe 


H H 
Hypochlorous Water Hypochtorite Hydronium 
acid ion ion 
НЕК Н Н 
.*% a) gat TN ГА шө .. — MA 
;Br—0—H * :0: === :В'— 0: + НО: 
es ee x PES we М 
H H 
Hypobromous Water Hypobromite Hydronium 
acid ion ion 


The positive character ($?) of the proton in НОСІ is greater than the proton in HOBr because СІ is 
more electronegative than Br. The greater electronegativity of Cl compared to Br also stabilizes CIO 
compared to BrO апа makes the equilibrium for the ionization of НОСІ more favorable. Therefore, 
hypochlorous acid is a stronger acid than hypobromous acid. (This prediction is borne out by the 
measured pK,’s: НОСІ = 7.5; HOBr = 8.7. The trend continues with HOI, which has a pK, of 10.6.) 


1.36 The three oxygens in nitrate ion share a total charge of ~2. The average formal charge on each oxygen 
atom is ~2/3 = —0.67. 


1.37 Writing the two resonance forms of each conjugate base reveals that they are equivalent. 


^: РА „О: 303 
CHC == н + CHG —- CHQ 
n S 3 
754 Р „5: CH 
CH;C = H' + CHC — Hç 
:0—< :0:- :0 


Oxygen is more electronegative than sulfur and will bear a greater share of the negative charge. 
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1.38 (b) Begin by writing the equation for the acid—base reaction between acetic acid and fluoride ion. 
Acetic acid will donate a proton to fluoride ion, converting acetic acid to its conjugate base 
(acetate ion) and fluoride ion to its conjugate acid, (hydrogen fluoride). 


dA E 
ОН + Re т CH;CO! + Н—Е: 
Acetic acid Fluoride ion Acetate ion Hydrogen fluoride 
рК =4Л рКа = 3.1 
(weaker acid) (stronger acid) 


From the respective pK,'s of the acids, you can see that the weaker acid (acetic acid) is on the left 


and the stronger acid (hydrogen fluoride) is on the right. Therefore, the equilibrium lies to the left. 
The equilibrium constant for the process is 


“4” 107PK of hydrogen fluoride (product) 10—341 


1.39 Sulfuric acid is a strong acid; the pK, of the first ionization of H2 SO, is —4.8. In an aqueous solution of 


a strong acid, the predominant acid species is HO . Hydrogen sulfate ion is a weak acid (pK, =2.0) 


and will only undergo ionization to a small extent. The relative amounts of the species present will be 
[Н,0* ]>[HSO, ] > [SO 1» [H,80,] 


1.40 Comparing the pX,’s of phenol and water reveals that, indeed, the stronger acid (phenol) is on the left 
in the acid-base equation and the equilibrium constant is greater than 1. 


CHOH + HOT === СО + НО 


Phenol Water 
pK, = 10 pK, = 15.7 
(stronger acid) (weaker acid) 


The same comparison for the reaction of phenol and hydrogen carbonate ion reveals that the stronger 
acid (carbonic acid) is on the right and the equilibrium constant is less than one. 


| — = il 
CHOH + HOCO — сено + НОСОН 
Phenol Carbonic acid 
pK, = 10 pk, = 6.4 
(weaker acid) (stronger acid) 


1.41 Boron trifluoride is a Lewis acid and will accept a pair of electrons from dimethyl sulfide to form a 
Lewis acid-Lewis base complex. 


+ = 
(СНз)25: + ВЕ» = (CH35S—BF; 
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1.42 АП these species are characterized by the formula $X-Y., and each atom has an electron count of 5. 


XY. 
Unshared electron pair Unshared electron pair 
contributes two electrons contributes two electrons 
to electron count of X. to electron count of Y. 


Triple bond contributes half of its six 
electrons, or three electrons each, to 
separate electron counts of X and Y. 


Electron count X = electron count Y = 2 + 3 = 5. 


(а) МЕМ: А neutral nitrogen atom has five valence electrons: therefore, each atom is 
electrically neutral in molecular nitrogen. 


(b Сем: Nitrogen, as before, is electrically neutral. A neutral carbon has four valence 


electrons, and so carbon in this species, with an electron count of 5, has a unit 
negative charge. The species is cyanide anion; its net charge is —1. 


(c) С=С:  Thereare two negatively charged carbon atoms in this species. It is a dianion; 
its net charge is —2. 


(d) :М=0:‹ Here again is a species with a neutral nitrogen atom. Oxygen, with an electron 


count of 5, has one less electron in its valence shell than a neutral oxygen atom. 
Oxygen has a formal charge of +1; the net charge is +1. 


(e) :С=0: Carbon has a formal charge of —1; oxygen has a formal charge of +1. Carhon 
monoxide is a neutral molecule. 


1.43 (a,b) The problem specifies that ionic bonding is present and that the anion is tetrahedral. The cations 
are the group 1 metals Na* and Li*. Both horon and aluminum are group 3 elements and, thus, 


have a formal charge of —1 in the tetrahedral anions BF, and AIH; , respectively. 


Na’ ЕВЕ Li’ H—Aj-^H 
N N 
F H 


Sodium tetrafluoroborate Lithium aluminum hydride 


(c,d) Both of the tetrahedral anions have 32 valence electrons. Sulfur contributes six valence electrons 
and phosphorus five to the anions. Each oxygen contributes six electrons. The double negative 
charge in sulfate contributes two more, and the triple negative charge in phosphate contributes 


three more. 
Revers $0: 
: 10: Е „о. 
+ —.• = ee + — 90 = oe 
2K м E: MEC 3Na :0— м • — 
ae 24 0: ee + о: 
Potassium sulfate Sodium phosphate 


The formal charge on each oxygen in both ions is —1. The formal charge on sulfur in sulfate is 
+2; the charge on phosphorus is +1. The net charge of sulfate ion is ~2; the net charge of 
phosphate ion is —3. 
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1.44 (a) 


(b) 


(c) 


The molecular formula OCS tells us that there are 16 valence electrons in carbon oxysulfide. 
Carbon contributes four, oxygen six, and sulfur six. The connectivity O—C—S accounts for four 
electrons. Apportioning the remaining 12 equally between oxygen and sulfur completes the octet of 
both but leaves carbon with only four electrons. 


:0-С- 5: 
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Use one of oxygen's unshared pairs to form a double bond to carbon. Do the same with one of sulfur's 


unshared pairs to give a Lewis structure in which all three atoms have complete octets. 
:0=с=5: 
Double bonds are treated the same way as single bonds when applying VSEPR. The electrons in the 


O=C bond are farthest removed from the electrons in the C=S bond when the angle between them 
is 180°. Carbon oxysulfide is linear. 


According to Table 1.3 in the text, oxygen, with an electronegativity of 3.5, is the most 
electronegative atom of the three while the electronegativities of carbon and sulfur are both 2.5. 
Thus, electron density is drawn toward oxygen and away from the C=S group. 


-— — —1- 


O-—C-S 


1.45 Given that the compound C5H4O» must have an O—O hond, two connectivities are possible. 


mi Eo us 
Hot Mem and Hore E 
H H H H 


The nine bonds in each connectivity account for 18 of the 26 valence electrons in C;H,O3. Add the 


remaining eight electrons as unshared pairs on oxygen. 


CH.CH;—0—0-H and — CH;—0—0- CH 


146 (a) Each carbon has four valence electrons, each hydrogen has one, and chlorine has seven. Hydrogen and 


(b) 


chlorine each can form only one bond, and so the only stable structure must have a carhon-carbon 


bond. There are 18 valence electrons in C,H3C1, and the framework of five single bonds accounts 
for only ten electrons. Six of the remaining eight electrons are used to complete the octet of chlorine 
as three unshared pairs, and the last two are used to form a carbon-carbon double bond. 
H H. H H 
HICNCICR ог С=с, 
H CE 


All of the atoms except carbon (H, Br, Cl, and F) are monovalent; therefore, they can only be 
bonded to carbon. The problem states that all three fluorines are bonded to the same carbon, and so 
one of the carhons is present as a CF4 group. The other carbon must be present as a CHBrCI group. 


Connect these groups together to give the structure of balothane. 
oe :1 E H | H 
БС CIC or F--C—C—Cl (Unshared electron pairs omitted for clarity) 
Tm . ee е . | 
2D LJ Bre F 1, 
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(c) Asin part (5), all of the atoms except carbon are monovalent. Because each carbon bears one chlorine, 
two CICF, groups must be bonded together. 


| 
—C-Cl (Unshared electron pairs omitted for clarity) 
F 


MCC CsCl о а— 
FERE: 


m—0-—i 


Place hydrogens on the given atoms so that carbon has four bonds, nitrogen three, and oxygen two. 
Place unshared electron pairs on nitrogen and oxygen so that nitrogen has an electron count of 5 and 
oxygen has an electron count of 6. These electron counts satisfy the octet rule when nitrogen has three 
bonds and oxygen two. | 


Н 
| ee oe ee ee 
(a) Ho =O: (c) H—O-C-—N—H 
H H 
(b) нс —0—н @) :0-c-N-H 
H HH 
(a) Species A, B, and C have the same molecular formula, the same atomic positions, and the same 


number of electrons. They differ only in the arrangement of their electrons. They are therefore 
resonance contributors of a single compound. 


Hus 4 H 
> 

3C—NEN: 
H H 


A B C 


~ + ese H, .. ..— 
\C=N=N; *C-NENI 
H 


(b) Structure A has a formal charge of —1 on carbon. 

(c) Structure C has a formal charge of +1 on carbon. 

(d) Structures A and B have formal charges of +1 on the internal nitrogen. 
(e) Structures B and C have a formal charge of —1 on the terminal nitrogen. 


(7) All resonance contributors of a particular species must have the same net charge. In this case, the 
net charge on A, B, and C is 0. 


(g) Both A and B have the same number of covalent bonds, but the negative charge is on a more 
electronegative atom in B (nitrogen) than it is in A (carbon). Structure B is more stable. 


(h) Structure B is more stable than structure C. Structure B has one more covalent bond, all of its atoms 
have octets of electrons, and it has a lesser degree of charge separation than C. The carbon in 
structure C does not have an octet of electrons. 


(i) The CNN unit is linear in A and B but bent in C according to VSEPR. This is an example of how 
VSEPR can fail when comparing resonance structures. 


(a) Number of valence electrons in CH;CNO (ог САМО): 


Two С = 8, three H = 3, 
total = 22 


N=5,0=6 
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(b) 


H 
| | 
Number of electrons in single bonds in H-C-C-N-O six bonds = 12 electrons 
H 
Subtracting the electrons from the single bonds from the total number of valence electrons gives a 


remainder of ten electrons that need to be added. Add them in pairs, beginning with the most 
electronegative atom. Complete the octet of each atom before moving to the next опе, 


i 
H-C-C-N-8: 
H 


One of the carbons has only four electrons, so use both of the nitrogen unshared pairs to form a triple 


bond between carbon and nitrogen. 


H H 

| $5. T | "t 
H-C-C №—0: becomes H— | —C=N—0: 

H H 


Assign formal charges to give the complete Lewis structural formula. 


Number of valence electrons in CH4CHN(O)CH, (or C4H;NO): 


Three С = 12, seven Н = 7, 


total = 30 
М=5,0=6 
E 
Number of electrons in single bonds in H yo СЕН 11 bonds = 22 electrons 
H-—C-C H 
| | 
НН 


Subtracting the electrons from the single bonds from the total number of valence electrons gives а 
remainder of eight electrons tbat need to be added. Add them in pairs, beginning with the most 
electronegative atom. Complete the octet of each atom before moving to the next one. 
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One of the carbons has only six electrons, so use the nitrogen unshared pair to form a double bond 
between carbon and oxygen. 


0: H :0: н 
H | | H | | 
| d. oH becomes | ae Зн 
H—C—C H—C— 
i | N g | | H 
H H H H 


1.50 (a) These two structures are resonance contributors because they have the same atomic positions and 
the same number of electrons. 


2- e Ыы E — . E + e 
*~N-N=N0 =~ — IN-NXNÍ 
oe A on ee 
16 valence electrons 16 valence electrons 


(net charge = —1) (net charge = —1) 


(b) Thetwo structures have different numbers of electrons and, therefore, cannot be resonance 
contributors of the same species. 


2-.. + ee 2+ ..— 
16 valence electrons 14 valence electrons 
(net charge = —1) (net charge = +1) 


(c) These two structures have different numbers of electrons; they are not resonance contributors. 


25. + Ф 2-;• • .. e. 2- 
. N—N = N е • М—М—М е 
16 valence electrons 20 valence electrons 
(net charge = —1) (net charge = —5) 


1.51 (a) Structure C has five covalent bonds to nitrogen (ten electrons). The octet rule limits nitrogen to a 
maximum of eight electrons in its valence shell. 


N ..— NI ..— НС 74 HC. 
• М— А *tN—O N=O. мо: 
VA ve д oe Á oe Z ee 
Н.С Н.С НС H3C 
A B C D 


(b) Of the three remaining structures, B and C have four bonds and each is more stable than A, which 
has only three. B is inore stable than D because its negative charge is on a more electronegative 
element (oxygen versus carbon). 


(c) Use curved arrows to show movement of electrons among the resonance contributors. 


+ oe 
НС HCH ње“ 
wee W eee 
Со: ЕЛИ 0: ACE +N=O: 
Нас Н.С НС 
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1.52 Notice that in all of the cases in which the more stable Lewis formula contains more bonds than the 
original one, the additional bond leads to a structure in which the octet rule is satisfied. 


КА + + 
(а) H34C—N-—N s 4—3 Н.С—М=М; 


One more bond than 
original Lewis formula 


ap p 
(b H—C -——- H-C 
WD \ 
(OTH :0—H 


No separation 
of opposite charges 


+ — 
(с) iere = H;C—CH; 


One more bond and 
no charge separation 


+ = 
(4) ЊС о -T—- H,C—CH-CH-CH, 


One more bond and 
no charge separation 


F ее. en 
(e) Н.С Ru mb -—- H,C=CH-CH=0:; 


One more bond and 
no charge separation 


со: :0: 


Negative charge оп more 
electronegative element 
+ + 
(8) H—C-—Oi -—- H-C=0; 
One morc bond 


с 


+ fees + 
(h) H;C--OH uo H—C-—OH 
One more bond 
+ . 
_ SNH, їн, 
(i) СУМ др CN 


No separation 
of opposite charges 
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1.53 (а) 


(b) 


1.54 (a) 


(b) 


(c) 


(d) 


(e) 


CHAPTER 1: Structure Determines Properties 


There are 26 valence electrons in (CH3),SO. The connectivity given corresponds to nine bonds 


(18 electrons). The remaining eight electrons can be placed so as to satisfy the octet rule as shown 
on the left: | 


105 20 
| i 
5, Бар „ЗА 
Н.С СН; НС CH; 


The structural formula on the right has one more bond and lacks the charge separation of the 
one on the left but has ten electrons in the valence shell of sulfur. 


To generate constitutionally isomeric structures having the molecular formula C4Hj9, you need . 
to consider the various ways in which four carbon atoms can be bonded together. These are 


C—-C—C-C and ала: 


С 
Filling in the appropriate hydrogens gives the correct structures: 


CH3CH;CH5CH; and CHI HCH; 


CH3 


Continue with the remaining parts of the problem using the general approach outlined for part (a). 


C5H2 
сњ 
CH4CH;CH;CH;CH; CHsCHCH,CHs H3C—C~CHy 
CH3 CH3 
CHCl, 
СНЗСНСІ, and CICH)CH)Cl 
C,HoBr 
e 
CH3CH2CH2CH2Br CHGCHCHACHS CH; HERE НзС x —Br 
Br CH; СНз 
СНОМ 
„СН 
CH3CH;CH3NH; CH3CH,NHCH3 H3C—N. CH;CHNH, 
CH; | 


CH; 
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Note that when the three carbons and the nitrogen are arranged in a ring, the molecular formula 
based on such a structure is C4H;N, not СзНоМ as required. 


RC CH 
H;C—NH 
(Not an isomer) 


1.55 (a) Allthree carbons must be bonded together, and each one has four bonds; therefore, the molecular 
formula C4Hg uniquely corresponds to 


T 
H HH 
(b) With two fewer hydrogen atoms than the preceding compound, C,H, must either contain а 


carbon-carbon double bond or its carbons must be arranged in a ring; thus, the following 
structures are constitutional isomers: 


H;C —CHCH; and со CH; 
CH; 


(c) The molecular formula C4H, is satisfied by the structures 


H,C-C-CH,  HCECCH, HC=CH 
СН, 


1.56 (a) The connectivities of C;H,O that contain only single bonds must have a ring as part of their 
structure. 


H Со CHOH H{C—CHCH3 Hs ene 
CH; О O—CH; 


(b) Structures corresponding to C4H4O are possible in noncyclic compounds if they contain a 
carbon—carbon or carbon-oxygen double bond. 


О 
i i 
CH4CH;CH CH4CCH; CH,CH—CHOH CH,0CH=CH) 


E ais H-C=CHCHOH 
OH 


1.57 The direction of a bond dipole is governed by the electronegativity of the atoms it connects. 
In each of the parts to this problem, the more electronegative atom is partially negative and tbe less 
clectronegative atomis partially positive; Electronegativities of the elements are given in Table-1.3-of 
tbe text. 


(a) Chlorine is more electronegative than hydrogen. 
+ 
H-Cl 
(b) Chlorine is more electronegative than iodine, 


+ 
I-Ci 
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(c) Iodine is more electronegative than hydrogen. 
+. 


H—I 


(d) Oxygen is more electronegative than hydrogen. 
LP 
H H 


(e) Oxygen is more electronegative than either hydrogen or chlorine. 


LP 
H Cl 


The direction of a bond dipole is governed by the electronegativity of the atoms involved. Among the 
halogens, the order of electronegativity is F > Cl > Br > I. Fluorine therefore attracts electrons away 
from chlorine in ЕСІ, and chlorine attracts electrons away from iodine in ІСІ. 


— + 
F—CI га 
и =0.9 р и=07р 
Chlorine is the positive end of the dipole in FCI and the negative end in ICI. 


(a) Sodium chloride is ionic; it has a unit positive charge and a unit negative charge separated from 
each other. Hydrogen chloride has a polarized bond but is a covalent compound. Sodium chloride 
has a larger dipole moment. The measured values are as shown. 


Na*Cl- is more polar than H-Ci 
п=9лр п=11р 


(b) Fluorine is more electronegative than chlorine, and so its bond to hydrogen is more polar, as the 
measured dipole moments indicate. 


=—> + 
H—F is more polar than H—CI 
| =1.7D w=11D 


(c) Boron trifluoride is planar. Its individual B—F bond dipoles cancel. It has no dipole moment. 


Е 
= | 
Н—Е is more polar than ZB 
БОЖЕ 
Ш= 1.70 и=ор 


(d) A carbon-chlorine bond is strongly polar; carbon-hydrogen and carbon-carbon bonds are only 
weakly polar. 


ја | 
м С № is more polar than C 
НзС = ЎСН C" :^CH 
3 іён; 3 H3 CH; 3 
р=2.10 w=0.1D 


(e) А carbon-fluorine bond in CC1,F opposes the polarizing effect of the chlorines. The carbon-hydrogen 
bond in CHC]; reinforces it. СНС]; therefore bas a larger dipole moment. 
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Ht | 


Peu is more polar than a Cha. 
Cit: Cl ama 
СІ а 
p-10D uL -05D 


(f) Oxygen is more electronegative than nitrogen; its bonds to carbon and hydrogen are more polar than 
the corresponding bonds formed by nitrogen. 


XOT. NX 
Н.С H is more polar than Н.С ^ F Ni 
H 
и=17р и=13р 


(g) The Lewis structure for СИМО, has a formal charge of +1 on nitrogen, making it more 
electron-attracting than the uncharged nitrogen of CH,NH). 


cr 0 
2 ee 
H3 C-N, М is more polar than H3C—N, 
О 
u=3.tD Born 


1.60 The structures, written in a form that indicates hydrogens and unshared electrons, are as shown. 
Remember: A neutral carbon has four bonds, a neutral nitrogen has three bonds plus one unshared 
electron pair, and a neutral oxygen has two bonds plus two unshared electron pairs. Halogen substituents 
have one bond and three unshared electron pairs. 


(a) Soe is equivalent to (CH3)3CCHy»CH(CH3)2 
CH; 


|| 
(b) PW" К is equivalent to (CH3C—CHCH;CH;CCH-—CH; 


Qn 
B ius ^ H 
is equivalent to 
(c) | | 
H i H 
HC-C-CH; 


ау 98 :OH 
| 
p is equivalent to CH4CHCH;CH;CH5CH2CHs 
opes 5; 


(е) | 
is equivalent to CH4CCH;CH;CH;CH;CH3 
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1.61 


О 
| i 
А OCCH; | | H `c -Cac „ОССНз 
(ћ) is equivalent to || | 
„>С Cy os 
COH H^ CO CGH 
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i 
H, „Са „Н 
(f) © is equivalent to ү T 
и. 
Н 
т 
Hi 02 EAR 
(g) is equivalent to i i ү 
Bee ОЕ 
H H 
н 0: 


С C 
|| | li** 
О H 0: 
H Н›С-СН; 
І 
н. „Ca HC... CH2 
(i) | № N is equivalent to С c р 
x CH; ‚С. „С... CH3 
М н М H 
u 9 eee ae Чү 
Br N Жы 2с £ ~ Ser H 
(0 E — $ is equivalent to 1 H С=с, || | 
N Br uet “< МСС Br: 
| . | se 
о H 0. H 
(а) CgHig (е) СНО (Ò СН 
(b) CioHig ОФ СН; G) C,gHgBr;N5O; 
(c) CjgHjg (8) CioHg 
(d) CjH440 (h) CgHgO, 


Isomers are different compounds that have the same molecular formula. Two of these compounds, (b) 
and (c), have the same molecular formula and are isomers of each other. 
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1.62 (a) The molecular formula can be readily found by writing out all of the atoms that do not appear in 
the condensed formula. The structure on the left can be expanded to the one shown on the right. 


Д СООН 


= —H / 
СС С.С C H 


^c Se 


н | 


Counting each atom gives a molecular formula for montelukast of Са На СКМО55. 


(b, c, d) From Table 1.8, the pK, of the nonzwitterionic form of montelukast can be approximated by comparing 
tbe carboxylic acid group to acetic acid (pK, = 4.7). The zwitterionic form can be approximated by 
comparing it to the pyridinium ion (pK, = 5.2). Because the carhoxylic acid group is a stronger acid than 
the pyridinium ion, the zwitterionic structure is favored. One equivalent of NaOH will deprotonate the 


М-Н proton of montelukast. One equivalent of HCI with protonate the carboxylate (CCOO ) group to 
give the carboxylic acid (-СООН). 


pKa = 4.7 


pK, = 5.2 
— pk, D 
1.63 (a) Because 10 d equals K,, the ratio is = = 106, K, for the acid with a pK, of 2 is 1 million times 
larger than for the acid with a pK, of 8. 
(b) The difference of the К, 's between the two acids is 10,000. Since pK, = ~ log Ка this corresponds to a 


difference in pK,'s = —log(10,000) = —4. The weaker acid has a pK, of 5 so the stronger acid has a 
pK, of 5~4=1. 


1.64 (a) This problem reviews the relationship between logarithms and exponential numbers. We need to 
determine К,, given pK, The equation that relates the two is 


pK, = -logio K, 


Therefore 
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(b) As described in part (а), К, = 10 P Ka. therefore, K, for vitamin C is given by the expression 


=67х1075 
(c) Similarly, Ка =1.8x10~ for formic acid (pK, 3.75). 
(d) К. = 6.5х10-2 for oxalic acid (pK, 1.19). 


In ranking the acids in order of decreasing acidity, remember that the larger the equilibrium constant 
K the stronger the acid; and the lower the pK, value, the stronger the acid. 


Acid Ка рКа 
Oxalic (strongest) 65x10? 1.19 
Aspirin 33x10* 3.48 
Formic acid 1.8 х 10-1 3.75 
Vitamin C (weakest) 6.7х107° 4.17 


1.65 By comparison with examples found in Table 1.8, the relative acidities of these four compounds and 
species can be determined. The two cations are more acidic than the neutral compounds, and because 
oxygen is more electronegative than nitrogen, the oxygen cation is more acidic than the nitrogen cation. 
Likewise, the neutral compound containing oxygen is more acidic than the one containing nitrogen. 


1 p comparable in 


Most acidic ш, acidity to H40* pK,- -17 
H 
m | 
S ОШТУ" сыйы gew 
А e uM pK, = 18 
Least acidic N NAA in (CH,),CH), NH pK,- 36 


H 


CHAPTER 1: 


1.66 


1.67 


1.68 
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As in the previous problem, the species given in the problem can be compared with examples in 


Table 1.8. The best way to determine the basicity of an anion is to consider the acidity of its 


conjugate acid, remembering that the weaker the acid the stronger the conjugate base. 


is the conjugate 


Most basic СЊСЊСЊСЕС: base of CH,CH,CH,C=CH рКа = 26 
CH3CH)CH)CH,0: PS CH4CH;CH; CH; OH pK, =16 
CH;CH;CH;CE;S 1 DL пире —— CH.CH,CH,CH,SH pK, 710.7 

OP x | ys 
Least basie — СЊСЊСЊС, № me ео CH3CH;CH; C pKa =4.7 
О: ase o OH 


In each case, the inore basic solution will be the one that contains the stronger base. Only the anions 
need be considered; sodium ion is a spectator ion and can be ignored. Remember that the stronger base 
is tbe one with the weaker conjugate acid. 


(a) HCN (pK, = 9.1) is a weaker acid than HF (pKa = 3.1), and a solution of CN (trom NaCN) will 
be more basic than a solution of F (from NaF). 


(b) Carbonic acid (pKa = 6.4) is a weaker acid than acetic acid (pKa = 4.7). A solution of sodiuin 
carbonate will be more basic than a solution of sodium acetate. 


(c) Methanethiol (CH4SH, pK, — 10.7) is tbe conjugate acid of methanethiolate ion. Methanethiol is a | 
weaker acid than sulfuric acid (рК, = —4.8), and a solution of sodium methanethiolate will be more 


basic than a solution of sodium sulfate. 


(a) Comparing two atoms as we go down a group in the periodic table, the bond to hydrogen becomes 
* * 
weaker and acid strength increases. Thus, (CH,), P H is a stronger acid than. (CH, МН 


(b) The weaker acid forms the stronger conjugate base, so (СНз) з3№ is a stronger base than (CH3);P*. 


(a) Water will remove the proton from HCN in a Brgnsted acid-base reaction. 


+ = 
30: + HUSN О-н + ICEN: 
Water Hydronium ion 
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(b) Water uses one of its unshared electron pairs to remove a proton from nitrogen. 
H, + ee 

0н + Pas N AN 
Hydronium ion 


Water 


(c) The proton on the positively charged oxygen is the one that is transferred to water. 


* ee 
QA H por H 
ње 260 + tof HC =C + Юн 
ОСН H OCH, H 
Water Hydronium ion 


Water can act as both a base, as in the previous problem, or as an acid as in this problem. Water 
donates one of its protons and forms hydroxide ion in each case. Remember to use curved arrows to 
track electron movement, not the movement of atoms. 


= Ha = ..— 
(а) ЊС—Сес: + О: H4C—CzC—H + но: 
Н 
Water Hydroxide ion 
H H 
ARN + Figg ОС + or 
—** | ae 
(b) H H 
Water Hydroxide ion 
H 
N—H t H 
as H (^) Ж 
2 ^ * 9 — 
(c) HaC- к HC— C + H-Q: 
H H H 
Water Hydroxide ion 
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171 (а) 
(CH3);CO? + H—SCH; (CHg,.CÓ—H + 8СН, 
Base Acid Conjugate acid Conjugate base 
pK, = 10.7 pK; = 18 
The equilibrium constant can be calculated from the ratio of the two К?з of the acids in the preceding equation. 
The K,'s can be obtained from thepK;'s in Table 1.8 by rearranging the eqnation pK, =—log K, to Ka = 10-PKa, 
Taking the ratio of the acid and conjugate acid K,’s gives the equilibrium constant K eq: 
K, (acid) 10-107 
да во 210222 x10 
K, (conjugate acid) 10-18 
(b) 
0 О О О 
ЖИР Оч | | Zu d 
676: + H—O—CCH; ОН + :0—CCH; 
Base Acid Conjugate acid Conjugate base 
pK, = 47 pK, = 10.2 
K, (acid 47 
"T Ы ) uu Hee 1053 = 3.2 x 105 
K, (conjugate acid) 10-102 
(с) 


quit 


[(CHjSCHEN: + H—0—CH(CH3); [(CH39CH]NH + :0—CH(CH3); 


Base Acid Conjugate acid Conjugate base 
pK, = 17 pK; = 36 
K, (acid) 1077 
Kg m 9  х 109 


К, (conjugate acid) _ 1036 
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1.72 (a) The acid on the left is acetylene. Amide ion is the base, which abstracts a proton from 
acetylene, Their pK,'s are shown in the equation. 


Y) — е — oe 
HC=C—H, + МН, === нс=С? + H—NH, 
NE ud 
pK, = 26 рКа = 36 


Acetylene is а stronger acid than ammonia. The equilibrium lies to the right. The equilibrium 
constant is 


Е 107РКа ofreactant acid 
°Ч 10-РКа of product acid 


(b 


МУ 


Contrast this part of the problem with part (a). Methoxide ion is a much weaker base than the amide 
ion of part (a). 


f) = = pni ee 
HC=C—H, + :0—CH, HC=C: + H—O—CH; 
EE 
рКа = 26 рќа = 15.2 


Here, the weaker acid is on the left. The equilibrium lies to the left. The equilibrium constant is 
more than 1020 times smaller than that of part (a): 


10-8 10.8 11 
Kq = 19 183 =10 = 1.6x10 
(c) Table 1.8 telis us that the most acidic protons in the reactant (2,4-pentanedione) are those in the 
CH,» group. 


i of ье iii Es 
CH.CCHCCHs + /:0—CH; CH3;CCHCCH; + H—O—CH; 
И Y 


pk, =9 


pK, = 15.2 


2,4-Pentanedione is a stronger acid than methanol. The equilibrium lies to the right and the 
equilibrium constant is: 


107" 52 5 
Keg = Pres i 7 = 1.6х10 


(d) The acidic proton in part (c) was part of a CH, flanked by two C=O groups. In methyl butanoate 
(given in Table 1.8), the CH, is flanked by only one C=O group and is far less acidic. 
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i a i i: 
CH,COCH3 + :0—СНз === CH;CCH, + H—0—CH 
4 Y 
pK, =22 pKa = 15.2 


The stronger acid is on the right. Therefore, the equilibrium lies to the left and the equilibrium 
constant is 


1072 68 7 
K,, = = ^^ =1.6х10 
ед 1 0! 5.2 
(e) As in part (d), methyl butanoate is the reactant acid. The base in this case is far stronger than the 


base in part (d), however. 


|| — ee || +s. 
СнСосн; + АМСЫ(СНз)»]» CH,CCH; + H-—NICH(CH3b 


рКа =22 рка = 36 
The stronger acid is оп the left. The equilibrium lies far to the right. 


Kien. edo 
eq 10738 
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1.73 The conjugate base of squaric acid has the structure 


174 Іл structure A, the only contributing structure that can be written that satisfies the octet rule is A: 


NH NH 

C С. + 
"NS NH3 н,М2 ONH; 

A A’ 


Contributing structure A’ is less stable than A because it has more charge separation than A. 
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In structure B, electron delocalization disperses the charge without increasing charge separation. All 
three resonance forms are equally stable. 


+ 

NH; їн; ун, 

(us = + „С (2. ——— C t 
нә "NH, ВА NH HN SNH 

B В’ В” 


Structure B is stabilized by electron delocalization more than А. 


ANSWERS TO INTERPRETIVE PROBLEMS 


175 D; 176 B; 177 A; 178 C; 179 A 


SELF-TEST 


` 1. Write the electron configuration for each of the following: 
(a) Phosphorus (b) Sulfide ion in Na5S 
2. Determine the formal charge of each atom and the net charge for each of the following species: 
:0: 
(а) 'М=<с=8: (b) :0=№0: (c) HC—NH; 


3. Write a second Lewis structure that satisfies the octet rule for each of the species in Problein 2, and 
determine the formal charge of each atom. Which of the Lewis structures for each species in this and 
Problem 2 is more stable? 


4. Write a correct Lewis structure for each of the following. Be sure to show explicitly any unshared pairs 
of electrons. 


(a) Methylamine, CH,NH, 
(b) Acetaldehyde, C,H,O (The connectivity is ССО; all the hydrogens are connected to carbon.) 


5. Whatis the molecular formula of each of the structures shown? Clearly draw any unshared electron pairs 
that are present. 


О 
(а) (с) eo od 
OH 
2 
М Вг 
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6. 


10. 


11. 


Write the products of the acid—base reaction that follows; and identify the acid, base, conjugate acid, 
and conjugate base. What is the value of the equilibrium constant, K,,? The approximate pK, of NH4 is 


36; that of CH4CH5OH is 16. 
CH3CH;07 * МН» 


Show all unshared electron pairs and formal charges, and use curved arrows to track electron 
movement. 


Account for the fact that all three sulfur-oxygen bonds in SO, are the same by drawing the appropriate 
Lewis structure(s). 


The cyanate ion contains 16 valence electrons, and its three atoms are connected in the order OCN. 
Write the most stable Lewis structure for this species, and assign a formal charge to each atom. 
What is the net charge of the ion? 


Using the VSEPR method, 


(a) Describe the geometry at each carbon atom and the oxygen atom in the following molecule: 
CH;0CH=CHCH3. 


35 


(b) Deduce the shape of NCI}, and draw a three-dimensional representation of the molecule. Is NCI, polar? 


Assign the shape of each of the following as either linear or bent, 


(a) CO, (b NO,” (c) МО; 


Consider structures A, B, C, and D; 


s 


:0 сн, 10 ‘CH; :0° ‘CH; :07 “сн, 
A B € D 

(a) Whicb structure (or structures) contains a positively charged carbon? 

(b) Which structure (or structures) contains a positively charged nitrogen? 


(c) Which structure (or structures) contains a positively charged oxygen? 


(d) Which structure (or structures) contains a negatively charged carbon? _ 


(e) Which structure (or structures) contains a negatively charged nitrogen? 
(Г) Which structure (or structures) contains a negatively charged oxygen? 
(g) Which structure is tbe most stable? 


(h) Which structure is the least stable? 
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13. 
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Given the following information, write a Lewis structure for urea, CH4N5O. The oxygen atom and both 


nitrogen atoms are bonded to carbon, there is a carbon—oxygen double bond, and none of the atoms bears а 
formal charge. Be sure to include all unshared electron pairs. 


Draw a second resonance contributor for each of the species shown. Be sure to show all unshared 
electron pairs, and indicate the formal charge (if any) on each atom. Is the first or the second 
structure more stable? 


(a) :0—CE5N: (b) ;0=N—CH, 
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Alkanes and Cycloalkanes: Introduction to Hydrocarbons 


SOLUTIONS TO TEXT PROBLEMS 


21 (a) A 1s orbital from one helium atom is combined with that of a second helium atom to give two 
new molecular orbitals—one bonding and one antibonding—as shown in the diagram. Because 
each helium 15 atomic orbital has two electrons, two electrons are placed in each of the new 


molecular orbitals as shown. Although not part of the requested answer, the orbital shapes are 
also included in the diagram. 


O' Antibonding 


ue 
© Вопёшр———- / 


Molecular orbitals 
of Не» 


(b) As shown in the preceding diagram, diatomic helium would have clectrons in antibonding 
orbitals, which is destabilizing. The energy required to place the two electrons in the 


antibonding orbital offsets the gain in bonding energy from the two electrons in the bonding 
orbital. 
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2.2 А carbon atom is sp?-hybridized when it is directly bonded to four atoms. Each of the three carbons 
of propane is bonded to four atoms, either carbon or hydrogen: 


Each carbon-carbon © bond arises from overlap of two half-filled sp? hybrid orbitals, one from each 
carbon atom. The eight carbon-hydrogen bonds are sp?-1s © bonds. 


2.3 An unbranched alkane (n-alkane) of 28 carbons has 26 methylene (СН,) groups flanked by a 
methyl (СНз) group at each end. The condensed formula is CH 3(CH2 )¢CH 3. 


2.4 The alkane represented by the bond-line formula has 11 carbons. The general formula for an alkane 
is C, H5445. and thus there are 24 hydrogens. The molecular formula is С11824; the condensed 


structural formula is CH4(CH2)9CH 5. 


2.5 In addition to CH3(CH2)4CH3 and (CH3); CHCH;CH5CH;, there are three more isomers. One 
has a five-carbon chain with a one-carbon (methyl) branch: 


"s 
CH; CH;2CHCH;CH; or мы ы 


The remaining two isomers have two methyl branches on a four-carbon chain. 


gn et 
CH;CHCHCH, or CH;CH;CCH, or СА 
CH; CH; 


2.6 (b) Octacosane is not listed in Table 2.2, but its structure can be deduced from its systematic 
name. The suffix -cosane pertains to alkanes that contain 20-29 carbons in their longest 
continuous chain. The prefix octa- means “eight.” Octacosane is therefore the unbranched 
alkane having 28 carbon atoms. It is CH4(CH2)56CH 5. 


(c) The alkane in Problem 2.4 has an unbranched chain of 11 carbon atoms and is named undecane. 
2.7 The ending -hexadecane reveals that the longest continuous carbon chain has 16 carbon atoms. 
1 3774 5 6 Ж ыш) 9 7710 11 12 13 14 15 16 


There are four methyl groups (represented by tetramethyl-), and they are located at carbons 2, 6, 10, 


and 14. 


2,6,10, 14-Tetramethyihexadecane 
(phytane) 
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2.8 (b) The systematic name of the unbranched С5 Нуз isomer is pentane (Table 2.2). 


CH34CH3CH;CH;CH5 
IUPAC name: pentane 


A second isomer, (CH4); CHCH2CH 3, has four carbons in the longest continuous chain and so 
is named as a derivative of butane. Because it has a methyl group at C-2, it is 2-methylbutane. 


CH3CHCH2CH3 
CH; 
IUPAC name: 2-methylbutane 


The remaining isomer, (CH3)4C, has three carbons in its longest continuous chain and so is 


named as a derivative of propane. There are two methyl groups at C-2, and so it is a 2,2- 
dimethyl derivative of propane. 


СН» 
CH;0CHS 
CH; 


IUPAC name: 2,2-dimethylpropane 


(c) First write out the structure in more detail, and identify the longest continuous carbon chain. 


mF 
H,C-C-CH;—-C-CH; 
CH; CH; 


There are five carbon atoms in the longest chain, and so the compound is named as a derivative 
of pentane. This five-carbon chain has three methyl substituents attached to it, making it a 
trimethyl derivative of pentane. Number the chain in the direction that gives the lowest numbers 
to the substituents at the first point of difference. 


CH3 H CH3 | 
| 2b 73 al 5 5-4. 73.231. 1 
HC-C-CH;—C—CHs not HC-C- CH; C-CH; 
CH; CH; CH, CH; 
2,2,4-Trimethylpentane (correct) 2,4,4- Trimethylpentane (incorrect) 


(d ) The longest continuous chain in (CH3)3 CC(CH3)5 contains four carhon atoms. 


СНз ÇH; 
HiC-C—C-CHs 
CH, CH; 


The compound is named as a tetramethyl derivative of butane; it is 2,2,3,3-tetramethylbutane. 
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2.9 "There are three C5H;; alkyl groups with unbranched carhon chains. One is primary, and two are 


secondary. The IUPAC name of each group is given beneath the structure. Remember to number the 
alkyl groups from the potential point of attachment. 


3 2 i 
CH;CH,CH,CH,CH,— OC Enric, бнёненсњсн 


Pentyl group (primary) 1-Methylbutyl group (secondary)  i-Ethylpropy! group (secondary) 


Four ајку! groups are derived from (CH3)2CHCH CH 3. Two are primary, one is secondary, and 
one is tertiary. 


CH; CH; 

4 5201 1 23 4 
CHs;CHCH;CH;— —CH;CHCH;CH; 
3-Methylbutyl group (primary) 2-Methylbutyl group (primary) 
CH; CH; 
#1203 з 51 
ay ees е. 


1,1-Dimethylpropyl group (tertiary) — 1,2-Dimethyipropyl group (secondary) 


2.10 (b) Begin by writing the structure in more detail, showing each of the groups written in parentheses. 
The compound is named as a derivative of hexane, because it has six carbons in its longest 
continuous chain. 


6 5 4 3 2 1 
CH4CH;CHCH;CHCH; 
CHCH) CH; 


The chain is numbered so as to give the lowest number to the suhstituent that appears closest to 
the end of the chain. In this case, it is numbered right to left so that the substituents are located at 
C-2 and C-4 rather than at C-3 and C-5. In alphabetical order, the groups are ethyl and methyl; 
they are listed in alphabetical order in the name. The compound is 4-ethyl-2-methylhexane. 


(c) The longest continuous chain is shown in the structure; it contains ten carbon atoms. The 
structure also shows the numbering scheme that gives the lowest number to the substituent 
nearest the end of the chain. 


CH; CH; 
о 9 8 7 Ie 5 4 | 
CH3CHCHCH;CHCE;CHCHCH; 
3 2 
CH5CH4 СНО 
1 
CH3 


In alphabetical order, the substituents are ethyl (at C-8), isopropyl (at C-4), and two methyl 
groups (at C-2 and C-6). The alkane is 8-ethyl-4-isopropyl-2,6-dimethyldecane. The systematic 
name for the isopropyl group (1-methylethyl) may also be used, and the name becomes 
8-ethyl-2,6-dimethyl-4-(1-methylethyl)decane, Notice in both names that the “di” prefix is 
ignored when alphabetizing. 
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2.11 


2.12 


2.13 


2.14 


2.15 


(b) There are ten carbon atoms in the ring in this cycloalkane; thus, it is named as a derivative of 
cyclodecane. 


НС „СНз 


Cyclodecane 


The numbering pattern of the ring is chosen so as to give the lowest number to the substituent at 
the first point of difference between them. Thus, the carbon bearing two methyl groups is C-1, 
and the ring is numbered counterclockwise, placing the isopropyl group on C-4 (numbering 
clockwise would place the isopropyl on C-8). Listing the substituent groups in alphabetical 
order, the correct name is 4-isopropyl-1,1 -dimethylcyclodecane. Alternatively, the systematic 
name for isopropyl (1-methylethyl) could be used, and the name would become 7, /-dimethy!-4- 
(1-methylethyl)cyclodecane. 


(c) When two cycloalkyl groups are attached by a single bond, the compound is named as a 
cycloalkyl-substituted cycloalkane. This compound is cyclohexyleyclohexane. 


Tit 


The alkane that has the most carbons (nonane) has the highest boiling point (151°C). Among the 
others, all of which have eight carbons, the unbranched isomer (octane) has the highest boiling point 
(126°C) and the most hranched one (2,2,3,3-tetramethylbutane) the lowest (106°C). The remaining 
alkane, 2-methylheptane, boils at 116°C. 


All hydrocarbons burn in air to give carbon dioxide and water. To balance the equation for the 
combustion of cyclohexane (CgH;2), first balance the carbons and the hydrogens on the right side. 


Then balance the oxygens on the left side. 


{> + 90, SS 6CO5 + 6H20 


Cyclohexane Oxygen Carbon dioxide Water 


(b) Icosane (Table 2.2) is Сур 4. It has four more methylene (CH,) groups than hexadecane, 


the last unbranched alkane in Table 2.3. Its calculated heat of combustion is therefore 
(4 x 653 kJ/mol) higher. 


Heat of combustion of icosane = heat of combustion of hexadecane + (4 х 653 kJ/mol) 
= 10, 701 kJ/mol + 2612 kJ/mol 
= 13,313 kJ/mol 


(1) the numher of carbon atoms and (2) the extent of chain branching. Pentane, 2-methylbutane, and 
2,2-dimethylpropane are all C5H 2; hexane is СН. Hexane has the largest heat of combustion. 
Branching leads to a lower heat of combustion; 2,2-dimethylpropane is the most branched and has 
the lowest heat of combustion. 
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Hexane CH3(CH2)4CH 3 Heat of combustion 4163 kJ/mol 
(995.0 kcal/mol) 

Pentane CH 3CH2CH2 CH; CH5 Heat of combustion 3536 kJ/mol 
(845.3 kcal/mol) 

2-Methylbutane (СНз) CHCH2CH з Heat of combustion 3529 kJ/mol 
(843.4 kcal/mol) 

2,2-Dimethylpropane (CH3)4C Heat of combustion 3514 kJ/mol 
(839.9 kcal/mol) 


2.16 In the first reaction, a carbon—oxygen bond is replaced by a carbon-chlorine bond. 


(CH44C—-OH + HCl (CH3)3C—Cl + НО 

Both oxygen and chlorine are more electronegative than carbon, so the oxidation number of carbon 
does not change in this reaction. In the second reaction, a carbon-hydrogen bond is replaced by a 
carbon—bromine bond. 


(CH3)3C-H + Во (CH3)3C—Br + НВг 


Bromine is more electronegative than carbon; hydrogen is less electronegative. The oxidation 
number of carbon has increased, and carbon has been oxidized. Reduction of bromine has also 
occurred; the oxidation number of bromine in Вг is 0; in HBr it is —1. 


2.17 (b) The CH; carbon is unchanged in this reaction; however, the carbon of CH,Br is bonded to the 
electronegative Br making the carbon partially positive whereas the carbon of CH,Li is bonded 


to an electropositive Li making the carbon partially negative. The change from a partially 
positive carbon to a partially negative carbon is considered a reduction. Thus, a reducing 
reagent is required for this reaction. 


H 
ls 8" là. ё 
ш Рета 
H H 


(c) This reaction can be considered as an addition of a proton (H*) to the left carbon and an 
addition of a hydroxide (HO) to the right carbon. The left carbon is thus reduced and the right E 
carbon is oxidized, resulting in no net oxidation. 
Alternatively, hydrogen is slightly more electropositive than carbon and oxygen is more 
electronegative than carbon. Using this method, one carbon is more electronegative and one 
more electropositive, relative to the starting material. Neither an oxidation reagent nor reducing 
reagent is required. 


йн 
Н›С-СНо 


H,C= СН, 


(d) An oxygen has been added to the molecule such that each carbon contains a new bond to 
oxygen. Each carbon has been oxidized, so an oxidiziug reagent is required for this reaction. 
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2.18 The carbons of the double bond are both sp?-hybridized. The carbon of the methyl group is 


2.19 


2.20 


sp?-hybridized. The bond indicated with the arrow is formed by overlap of an sp? and an sp? hybrid 
orbital. lt is ас bond, as are all single bonds. 


ЊС= СН-СНа 


N 


The carbons of the double bond are both sp?-hybridized. The carbons of the triple bond are 


sp-hybridized. The с bond indicated with the arrow is formed by overlap of an sp? and an sp hybrid 
orbital, 


sp^—sp? а bond 


H,C=CH~C=CH 


s sp^—sp с bond 


Vinylacetylene 


There is a total of seven с bonds in vinylacetylene: tbree sp?-1s C—H bonds, one sp-1s C—H 
bond, one sp% sp? C—C bond (the с component of the double bond), one sp-sp C—C bond 
(the с component of the triple bond), and the sp2-sp C—C bond described earlier. In addition, 
there are three л bonds: one in the double bond and two in the triple bond. 


Oxygen in water has a total of four groups, two hydrogen atoms and two lone electron pairs. This 
leads to the prediction of an sp3-hybridized oxygen. The mixing of the 2s and the three 2p orbitals 
gives the four hybridized sp? orbitals shown here. In the H,O molecule, the two sp? orbitals 


containing the lone electron pairs are aligned with the plane of the paper, whereas the other two sp? 
hybrid orbitals (not sbown) are aligned with the wedge-and-dash bonds. 


— — — Mix 2s, 2p,, 2py, and 
+ 2р, 2p, 2р; 2p, orbitals to produce uo + = + + 
four sp? hybrid orbitals sp? sp? sp? sp? 
25 


Most stable electronic 3 | | . 
configuration of unhybridized oxygen sp hybrid state of oxygen in water 
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2.21 Of the two Lewis structures, the electron distribution in structure B is more consistent with the 
observed planar geometry of formamide than A. 


0: :0: 

.. + 

HjN-CH H3N—CH 
A B 


In B, both nitrogen and carbon are sp?-hybridized, and the double bond connecting them has a с 
component and a x component. All six atoms of B lie in the same plane. In A, nitrogen has three 
bonded electron pairs and an unshared pair. Maximum separation of these four electron pairs 
suggests a pyramidal geometry at nitrogen and a nonplanar structure for formamide. 


2.22 Each ring decreases the number of hydrogens in the general molecular formula of the hydrocarbon 
by two. 


(a) Cycloalkanes have the general formula C, H5,. Compare hexane (C&H;4) with cyclohexane 
(СН), for example: 


CH4CH;CH;CH;CH;CH4 = 


^ Hexane Cyclohexane 
(Сена) (СбН 2) 


(b) The general formula of ап alkene has two fewer hydrogens than that of an alkane and is 
C, На. A typical example is 1-ћехепе (Cg H2): 


H;2C—CHCH;CH;CH;CH; 


1-Hexene 
(CeHi2) 


(c) A triple bond decreases the general molecular formula by four hydrogens; the general molecular 
formula of an alkyne is С„Н2„_2. An example is I-hexyne (Cg Hijo). 


HC-CCH;CH;CH;CH; 


1-Нехупе 
(СН) 


(d) А compound that has both a ring and а double hond would have the general molecular formula 
C, Нол–2. Cyclohexene is an example: 


2 


Cyclohexene 
(C6H0) 


CHAPTER 2: Alkanes and Cycloalkanes: [Introduction to Hydrocarbons 
2.23 A hydrocarbon with a molecular formula С5Нз fits the general formula C, H5, 5. Therefore, the 
compound must have two rings, two double bonds, one double bond and one ring, or one triple bond. 


(a) The bydrocarbon cannot be a cycloalkane because a cycloalkane with five carbon atoms would 
have tbe formula С5 Но. 


(b-d у Each of the remaining possibilities (one ring and one double bond, two douhle bonds, and 
one triple bond) are plausible for a formula Cs Hg. 


2.24 (a) Isomers are different compounds that have the same molecular formula. Butane and 
2-methylpropane both have the molecular formula C 4Hj9 and are isomers. The molecular 


formula of cyclobutane is Са На and that of 2-methylbutane is C5 Hy. 


ы, OAS (CH4)4CH > SONS 


Butane 2-Methylpropane Cyclobutane 2-Methylbutane 
(C4H19) (СА то) (C4Hg) (CsHi2) 
(b) The general molecular formula for a compound with either a ring or a double bond is С, H2,. 
Cyclopentane and |-pentene are isomers; tbe molecular formula of both compounds is Cs Hio. 
CR 
> ы єн CH; > 
CH; 
Cyclopentane ]-Pentene 22-Dimethylpropane — Cyclopentene 
(CsHig) {СН} (CsH12) (CsHg) 


(c) Any combination of four rings or double bonds will give a compound with the general 
molecular formula C,,H»,..5. A compound with two triple bonds will also have the same 


molecular formula. All four compounds shown are isomers because they all have the molecular 
formula C 7H. 


С У =“ С) HCECCH;CH;CECCH; 


One ring; three One ring; three One ring; three 


double bonds double bonds double bonds Two tüple bonds 


2.25 liis best to approach problems of this type systematically. Because the problein requires all the 
isomers of СЛН to be written, begin with the unbranched isomer heptane. 


NN CHSCH;CH;CH;CH;CH;CHa4 
Heptane 


Two isomers have six carbons in their longest continuous cbain. One bears a methyl substituent at 
C-2, the other a methyl substituent at C-3. 


CH4CH;CHCH;CH;CH; 
(CH39CHCH;CH;CH;CH; i» 
3 


2-Methylhexane 3-Methylhexane 


Now consider all tbe isomers that have two metbyl groups as substituents on a five-carbon 
continuous chain. 
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МОК ©носсысысь УУ (сњенохисњу, 


2,2-Dimethylpentane 3,3-Dimethylpentane 
(CHS)/CHCHCH;CH; DN (CH3),CHCH;CH(CH3); 
CH; 
2,3-Dimethylpentane 2,4-Dimethylpentane 


There is one isomer characterized by an ethyl substituent on a five-carbon chain: 


dd (CH4CH5,CH 


3-Ethylpentane 


The remaining isomer has three methyl suhstituents attached to a four-carbon chain. 


(CH3)3CCH(CH3)2 


2,2,3-Trimethylbutane 


2.26 In the course of doing this problem, you will write and name the 17 alkanes that, in addition to 
octane, CH 3(CH2z)¢6CH3, comprise the 18 constitutional isomers of Cg Hyg. 


(a) The easiest way to attack this part of the exercise is to draw a bond-line depiction of heptane 
and add a methyl branch to the various positions. 


Au d. 


2-Methylheptane 3-Methylheptane 4-Methylheptane 


Other structures bearing a continuous chain of seven carbons would be duplicates of these 
isomers rather than unique isomers. ““5-Methylheptane,” for example, is an incorrect name for 
3-methylheptane, and “6-methylheptane” is an incorrect name for 2-methylheptane. 
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(b) Six of the isomers named as derivatives of hexane contain two methyl branches on a continuous 
chain of six carbons. 


Jue Oy LL, 


2,2-Dimethylhexane 2,3-Dimethylhexane 2,4-Dimethylhexane 2,5-Dimethylhexane 
3,3-Dimethylhexane 3,4-Dimethylhexane 


One isomer bears an ethyl substituent: 


3-Ethylhexane 


(c) Four isomers are trimethyl-substituted derivatives of pentane: 


^x МА ту 


22,3-Trimethylpentane — 2,3,3-Trimethylpentane — 2,2,4-Trimethylpentane — 2,3,4-Trimethylpentane 


Two bear an ethyl group and a methyl group on a continuous chain of five carbons: 


^c 7C 


3-Ethyl-2-methylpentane — 3-Bthyl-3-methyipentane 


(d ) Only one isomer is named as a derivative of butane: 


2,2,3,3- Tetramethylbutane 


2.27 The IUPAC пате for pristane reveals that the longest chain contains 15 carbon atoms (as indicated by 


-pentadecane). The chain is substituted with four methyl groups at the positions indicated in the пате. 


venous: 


Pristane 
(2,6,10, 14-tetramethyipentadecane) 
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2.28 


2.29 
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(a) The alkane contains 13 carbons, Because all alkanes have the molecular formula C, H», +2, the 
molecular formula must be Су 58. 


(b) The longest continuous cbain is indicated and numbered as shown. 


CHCH; 
CH;CHCH;CH;CHCHCH; 
CH; CH;CH;CH; 


In alphabetical order, the suhstituents are ethyl (at C-5), methyl (at C-2), and methyl (at C-6). 
The IUPAC name is 5-ethyl-2,6-dimethy{nonane. 


(c) Fill in the hydrogens in the alkaue to identify the various kinds of groups present. There are five 
methyl (СНз) groups, five methylene (CH) ) groups, and three methine (CH) groups in the 
molecule. 


(d ) A primary carbon is attached to one other carbon. There are five primary carbons (the carhons 
of the five CH4 groups). A secondary carbon is attached to two other carbons, and there are 


five of these (the carbons of the five СНз groups). A tertiary carbon is attached to three other 


carbons, and there are three of these (the carbons of the three methine groups). A quaternary 
carbon is attached to four other carbons. None of the carbons is a quaternary carbon. 


(a) This compound is an unbranched alkane with 27 carbons. Table 2.2 in the text indicates that 
alkanes with 20-29 carbons have names ending in -cosane. Thus, we add the prefix hepta- 
("seven") to cosane to name the alkane CH3(CH2)25CH3 as heptacosane. 


(b 


> 


The alkane (СНз)>СНСН(СН>)14СНз has 18 carbons in its longest continuous chain. It is 


named as a derivative of octadecane. There is a single substituent, a methyl group at C-2. The 
compound is 2-methyloctadecane, | 


(c) Write the structure out in more detail to reveal that it is 3,3,4-triethylhexane. 


CHCH, CH;CH; 
A 
(CH&CH;,CCH(CH;CHa), is rewritten аз | CH4CH;C—— CHCH;CH; 
CH4CH; 


(d) Each line of a bond-line formula represents a bond between two carbon atoms. Hydrogens are 
added so that the number of bonds to each carbon atom totals four. 


CH3CH;CHCH;C(CH3)s 


is the same as 
CH;CH5 


The IUPAC пате is 4-ethyl-2,2-dimethylhexane. 


(e) | CH3CH2CHCH,CHCH»CH3 
is the same as | | 
CH; CH; 


The IUPAC name is 3,5-dimethylheptane. 
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(f) 


2.30 (a) 


(b) 


(c) 


Number the chain in the direction shown to give 3-ethyl-4,5,6-trimethyloctane. When numbered 
in the opposite direction, the locants are also 3, 4, 5, and 6. In the case of ties, however, choose 
the direction that gives the lower number to the substituent that appears first in the name. 
“Ethyl” precedes “methyl” alphabetically. 


The longest continuous chain contains nine carbon atoms. Begin the problem by writing and 
numbering the carbon skeleton of nonane. 


INSA ANSA ENIA 8 
1 9 


Now add two methyl groups (one to C-2 and the other to C-3) and an isopropyl group 
(to C-6) to give a structural formula for 6-isopropyl-2,3-dimethylnonane. 


CHs Cee 
or CH;CHCHCH;CH;CHCH;CH;CHs 
CH; 


To the carbon skeleton of heptane (seveu carbons) add a tert-butyl group to C-4 and a methyl 
group to C-3 to give 4-tert-butyl-3-methylheptane. 


C(CH3)3 
or CH CH CHCHS H;CH5CH3 
CH; 


An isobutyl group is — CH;CH(CH3)». The structure of 4-isobutyl-1,1-dimethylcyclohexane is 
as shown. 


2 3 
Е: "d CH;CH(CH3) 
= HC : НЕ 


(d ) А sec-butyl group is Mos а sec-Butylcycloheptane has a sec-butyl group on a 


(e) 


seven- membered ring. 


CH34CHCH;CH; 
| - 


A cyclobutyl group is a substituent on a five-membered ring in cyclobutylcyclopentane. 


„ә 
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2.31 (a) The group CH3(CH2);9CHz— is an unbranched alkyl group with 12 carbons. It is a dodecyl 


group. The carbon at the point of attachment is directly attached to only one other carhon. It is a 
primary alkyl group. 


(b) The longest continuous chain from the point of attachment is six carbons; itis a hexyl group 
bearing an ethyl substituent at C-3. The group is a 3-ethylhexyl group. Itis a primary alkyl group. 


H 2 3 4 5 6 
== CECE HC DEH CH; 
CH;CH; 


(c) By writing tbe structural formula of this alkyl group in more detail, we see that the longest 
continuous chain from the point of attachment contains three carbons. It is a /,/-diethylpropyl 
group. Because the carbon at the point of attachment is directly bonded to three other carbons, it 
is a tertiary alkyl group. 

CH2CH3 

i2 3 
—C(CH;CH3)  isrewrittenas — CCH;CH; 

CHCH; 

(d ) This group contains four carbons in its longest continuous chain. It is named as a butyl group 
with a cyclopropyl substituent at C-1. It is a -cyclopropylbutyl group and is a secondary alkyl 
group. 


i 2 3 4 
= CHCH>»CH>CH; 


(e, f) A two-carbon group that bears a cyclohexyl substituent is a cyclohexylethyl group. Number 
from the potential point of attachment when assigning a locant to the cyclohexyl group. 


CH; 
2-Cyclohexylethyi 1-Cyclohexylethyl 
(primary) (secondary) 


2.32 The САНо alkyl groups are named according to the 2004 IUPAC recommendations as follows: 


1 


CH 
4 3 0% 1 L2 лао 4 АРА 2! 3 
CH3CH,CH2CH,— CH3CHCH2CH3 о м сње = 
| CH; ‘CH; 
Butan- i-yl Butan-2-yi 2-Methylpropan-1-yl | 2-Methylpropan-2-yl 


2.33 (a) Methylene groups аге — CH2—-. ClICH2CH»CH2CH>C1I is therefore the C 4 НСІ» isomer in 
which all the carbons belong to methylene groups. 


(b) The C4HgCly isomers that lack methylene groups аге 


(CH3),CHCHC], and CH,CHCHCH; 
CI CI 
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2.34 Because it is an alkane, the sex attractant of the tiger moth has a molecular formula of C, НА 2,42. 
The number of carbons and hydrogens may be calculated from its molecular weight. 


(Atomic weight of carbon) + (atomic weight of hydrogen)(2n + 2) = 254 
128+ 1(2n+2) = 254 

1Ап = 252 

n=18 


The molecular formula of the alkane is C1gHag. In the problem, the sex attractant is stated as a 
2-methyl-hranched alkane. It is therefore 2-methylheptadecane, (CH 4); CHCH2(CH) )13CH 3. 


2.35 When any hydrocarbon is burned in air, the products of combustion are carbon dioxide and water, 


(а) CH3(CH2)gCH3 + 30; 10CO; + ИНО 


Decane Oxygen Carbon Water 
(Св) dioxide 
(b) oe + 1502 10CO, + 10H50 
Cyclodecane Oxygen Carbon Water 
(СюН2о) dioxide 
(c) Qe + 150 — 1060 + 1090 
Methylcyciononane Oxygen Carbon Water 
(Ci9Ha9) А 
(4) [У] + 20, 10CO, + 9УЊО 
Cyclopentylcyclopentane Oxygen Carbon Water 
(СН) dioxide 


2.36 To determine the quantity of heat evolved per unit mass of material, divide the heat of combustion by 
the molecular weight. 


Methane Heat of combustion = 890 kJ/mol (212.8 kcal/mol) 
Molecular weight = 16.0 g/mol 
Heat evolved per gram = 55.6 kI/g (13.3 kcal/g) 


Butane Heat of combustion = 2876 kJ/mol (687.4 kcal/mol) 
Molecular weight = 58.0 g/mol 
Heat evolved per gram = 49.6 КІ/р (11.8 kcal/g) 


When equal masses of methane and butane are compared, methane evolves more heat when it is 
burned. Equal volumes of gases contain an equal number of moles, so that when equal volumes of 
methane and butane are compared, the one with the greater heat of combustion in kilojoules (or 
kilocalories) per mole gives off more heat. Butane evolves more heat when it is burned than does an 
equal volume of methane. 
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2.37 When comparing heats of combustion of alkanes, two factors are important: 
1. The heats of combustion of alkanes increase as the number of carbon atoms increases. 
2. Anunbranched alkane has a greater heat of combustion than a hranched isomer. 


(a) In the group hexane, heptane, and octane, three unbranched alkanes are being compared. Octane 
(Cg Hg) has the most carbons and has the greatest heat of combustion. Hexane (CgH,4) has 
the fewest carbons and the lowest heat of combustion. The measured values in this group are as 


follows: 

Hexane Heat of combustion 4163 kJ/mol (995.0 kcal/mol) 
Heptane Heat of combustion 4817 kJ/mol (1151.3 kcal/mol) 
Octane Heat of combustion 5471 kJ/mol (1307.5 kcal/mol) 


(b) 2-Methylpropane has fewer carbons than either pentane or 2-methylbutane and so is the member 
of the group with the lowest heat of combustion. 2-Methylbutane is a 2-methyl-branched isomer 
of pentane and so bas a lower heat of combustion. Pentane bas the highest heat of combustion 


among these compounds. 


2-Methylpropane (CH,),CH Heat of combustion 2868 kJ/mol 
(685.4 kcal/mol) 

2-Methylbutane (СНз) CHCH)CH; Heat of combustion 3529 kJ/mol 
(843.4 kcal/mol) 


Pentane CH CH CH CH CH Heat of combustion 3536 kJ/mol 
37-2223 (845.3 kcal/mol) 
(c) 2-Methylbutane and 2,2-dimethylpropane each have fewer carbons than 2-methylpentane, whicb 
therefore has the greatest heat of combustion. 2,2-Dimethylpropane is more highly branched 
than 2-methylbutane; 2,2-dimethylpropane has the lowest heat of combustion. 


2,2-Dimethylpropane (CH3)4C Heat of combustion 3514 kJ/mol 
(839.9 kcal/mol) 

2-Methylbutane (СНз) CHCH2CH 4 Heat of combustion 3529 kJ/mol 
(843.4 kcal/mol) 

2-Methylpentane CH,CH,CH,CH,CH, Heat of combustion 4157 kJ/mol 


(993.6 kcal/mol) 


(d ) Chain branching has a small effect on heat of combustion; the number of carbons has a much 
larger effect. The alkane with the most carbons in this group is 3,3-dimethylpentane; it has the 
greatest heat of combustion. Pentane has the fewest carbons in this group and has the smallest 


heat of combustion. 


Pentane CH3CH;CH; CH; CH3 Heat of combustion 3527 kJ/mol 
(845.3 kcal/mol) 

3-Methylpentane (CH3CH2);CHCH 4 Heat of combustion 4159 kJ/mol 
(994.1 kcal/mol) 

3,3-Dimethylpentane (CH3CH3)2C(CH3)2 Heat of combustion 4804 kJ/mol 


(1148.3 kcal/mol) 
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(e) In this series, the heat of combustion increases with increasing number of carbons. 
Ethylcyclopentane has the lowest heat of combustion; ethylcycloheptane has the greatest. 


ссн) сс.) СНСН, 


Ethyicyclopentane Ethylceyclohexane Ethylcycloheptane 
4592 ki/mol 5222 Куто! (combustion data not available) 
(1097.5 kcal/mol) (1248.2 kcal/mol) 


2.38 (a) The equation for the hydrogenation of ethylene is given by the sum of the following three 
reactions: 


H50(/) AH? = —286 kJ 


(1) На) + 3Oo(8) 
(2)  HjC-CH()-* 302g) 


2CO2(g) + 26500) AH? = —1410 КТ 


(3) 36500) + 2CO(g) CH,CHa4(g)1O;(g) ARP = +1560 КІ 


CH3CH3(g) AH? = -136 KJ 


Sum: | ЊС=СНо(р) + Не) 
Equations (1) and (2) are ће combustion of hydrogen and ethylene, respectively, and ЛА? values 
[or these reactions are given in the statement of the problem, Equation (3) is the reverse of the 


combustion of ethane, and its value of AH? is the negative of the heat of combustion of ethane. 


(b) Again, we need to collect equations of reactions for which the AH? values are known. 


HO) AH? = —286 kJ 


(1) H»(g) + 3Ox(9) 
(2) HCECH(9-*3iOx() 


2COx(g) + 200) AH? = —1300 KJ 


H»>C=CH2(g) + 304(g) AH? = +1410 КІ 


(3) 2CO2(g) + 26200) 


HC—CH3(g) AH? = —176 kJ 


Sum: НСЕСН(®)+ Н2(®) 


Equations (1) and (2) are the combustion of hydrogen and acetylene, respectively. Equation (3) 
is the reverse of the combustion of ethylene, and its value of ДА is the negative of the heat of 
combustion of ethylene. 


The value of AH? for the hydrogenation of acetylene to ethane is equal to the sum of the 
two reactions just calculated: 


H C=CH;(g) AH?--176kl 


HC=CH(g) + Не) 


H4C—CH;() + Н) CH;CHx(g) — AH? 2-136 kJ 


5ши HC CH(g) + 2Ha(g) СНзСНз(®) |. AH?z-312kJ.. 


(c) We use the equations for the combustion of ethane, ethylene, and acetylene as shown, 
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2.41 
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(1) 2H,C=CHy(g) + 602(g) 4CO2(g) + 4H,0() AH? = 2820 kJ 


D 2COs(g) + H50(D HC=CH(g) + 3Ox(g) АН? = 41300 kJ 
(3) ЗН2О( + 2СО›(д) СНзСНз(®) + 208) AH? = +1560 kJ 
Sum: 2H;C—CH3(g) CH3CH3(g) -HHCECH(g) AH? = +40 КІ 


The value of AH? for reaction (1) is twice that for the combustion of ethylene because 2 moles 
of ethylene are involved. 


Greater stability is not the reason branched isomers have lower boiling points. Branching affects 
boiling point because of the effect on a molecule's shape. A branched isomer is more spherical and 
has a smaller surface than an unbranched isomer. The smaller surface area results in fewer induced- 
dipole/induced-dipole intermolecular attractions and, thus, a lower boiling point. 

Branched isomers are more stable because of stronger intramolecular van der Waals forces. 
Although the trends in boiling point and stability are parallel, there is not a cause and effect 
relationship between them. One trend is not the reason for the other. 


Branched alkanes actually give off less heat, not more, on combustion. Branched isomers of an 
alkane are more stable than unbranched ones. A compound that is more stable has a lower heat of 
combustion and will give off less heat than a less stable isomer. 


(a) In the reaction 


2CH3Cl + Si 


(СНз)›81Сі, 


bonds between carbon and ап atom more electronegative than itself (chlorine) are replaced by 
bonds between carbon and an atom less electronegative than itself (silicon). Carbon is reduced; 
silicon is oxidized. 


(b) Silicon has a tetrahedral shape in (CH4),SiCL,. This shape is best described by the 


sp?-hybridization bonding model. Silicon is in the third row of the periodic table so the 
principal quantum number, n, equals 3. 


(a) The reaction between pentane and fluorine can be described by the equation 
CHa3CH;CH;CH;?CH4 + 162; 5CF4 + 12HF 
Pentane Fluorine Carbon Hydrogen 
tetrafluoride fluoride 


(b) Each carbon of pentane becomes bonded to four fluorines in the reaction shown. Fluorine is 
more electronegative than carbon, and each carbon atom has become oxidized. 


Carbon-1 is bonded to two atoms: one hydrogen and one carbon (C-2). It also has two x bonds to 
carbon-2. Carbon-2 is similarly bonded to two atoms: C-1 and С-3, It has two zt bonds to сагроп-1. 
Carbon-3 is bonded to three atoms: two carbons (C-2 and C-4) and one hydrogen. It has one x bond 
to carbon-4. Carbon-4 is similarly bonded to three atoms: two carbons (C-3 and C-5) and one 
hydrogen. It has one x bond to carbon-3. Carbou-5 is bonded to four atoms: three hydrogens and 
one carbon (C-4). It does not have any л bonds. 


54. 321 
H,;CCH=CHC=cH 


и 


Sp? 5р2 ѕр sp 
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2.44 


Drawing each hybrid carbon showing all of the С-С-С bonds gives the following structure. 


o 
nc 20 н 
\ РА 


PE 8o? 
Н 120° Су 
Сн 


The sp^-hybridized carbons have a trigonal planar geometry; sp-hybridized carbons have a linear 
geometry. Note that all of these atoms (with the exception of some hydrogen atoms on the methyl 
(CH) substituent) are in the plane of the paper. 


(а) (CH3),C=0, 


sp? 
One лт hond to oxygen indicates sp^-hybridization. 


(b) CH3CH;CEN: 


Sp 
Two л bonds to nitrogen: sp-hybridization. 


(c) H)C=NNH) 


For the left nitrogen, one л bond indicates sp^-hybridization. The nitrogen on the right has пол 
bonds; thus, it must be sp`-hy bridized. 


(d) CHyCH,OCH)CH; 


У 


sp? 


The oxygen atom has по т bonds: sp" -hybridization. 


(е) (CH;CH2),NH 


sp 


The nitrogen has no л bonds: sp^-hybridization. 
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2.45 H;C--NH 


The nitrogen has one т bond to carbon, so it is sp? -hybridized. 


ap М ы 


orbitals to produce 
2р, 2p, 2p; " | . 
three sp^ hybrid orbitals 


E 2p 


sp? sp? sp? (Unhybridized) 
2s 


Most stable electronic sp” hybrid state of nitrogen 
configuration of unhybridized nitrogen 


The three sp? hyhrid orbitals are in the same plane, and the large lobes are oriented at 120? bond 
angles to each other. The 2p orbital is oriented perpendicular to the plane of the sp? hybrid orbitals. 


CH3C=N: 


The nitrogen has two л honds to carbon, so it is sp-hybridized. 


cos) 


Coe e) 
— + + Mix 2s and 2p, 
Е orbitals to produce — — —» -- T 2p 2p 
— 2р; 2p, 2р, two sp hybrid orbitals (Unhybridized) 
Sp 


5р 
2s 


Most stable electronic sp hybrid state of nitrogen 
configuration of unhybridized nitrogen 


The large lobes of the two sp hybrid orbitals are oriented at 180° angles to each other. The 2p 
orbitals are oriented at 90° to each other and are in the same plane. The sp hybrid orbitals are 
aligned perpendicular to the unhybridized 2p orbitals. 


2.46 Two atoms appear in their elemental state: Na on the left and Н» on the right. The oxidation state of 
an atom in its elemental state is 0. Assign an oxidation state of +1 to the hydrogen in the OH group 
of CH3CH OH. H goes from +1 on the left to 0 on the right; it is reduced. Na goes from 0 on the 
left to +1 on the right; it is oxidized. 


2CH;CH,OH + сме ———- 2CH,CH,ONa + Hj 
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247 (a,b) An oxidizing agent is required when the reaction to be carried out is an oxidation. Carbon is 
oxidized when the oxygen content of the molecule has increased, as in the top reaction. A 
reducing agent brings about a reduction. Reduction occurs when the hydrogen content of the 
molecule increases or the oxygen content (or bonds to oxygen) decreases, or both. The second 
and third reactions are reductions. 


О 
"m || 
oxidation CH34COC(CH3)4 
|| i 
CH,CC(CH,, от E 
Compound A ; 
reduction СОНИ 
OH 


2.48 (a) The hydrogen content increases in going from CH4Cz:CH to CH3CH=CH). The organic 
compound СЊСЕСН is reduced. 


(b) Oxidation occurs because a C—O bond has replaced а C—H bond in going from starting 
material to product. 


H OH oxidation О 


QE аи 


(c) There are two carbon-oxygen bonds in the starting material and four carbon-oxygen bonds in 
the products. Oxidation occurs. 


HO—CH;CH;—OH 


2H)C=0 


Two C—O bonds Four C—O bonds 


(d ) Although the oxidation state of carbon is unchanged in the process 


overall, reduction of the organic compound has occurred, Its hydrogen content has increased 
and its oxygen content has decreased. Nitrogen is reduced. 


2.49 А bonding interaction exists when two orbitals overlap “in phase" with each other, that is, when the 
algebraic signs of their wave functions are the same in the region of overlap. The following orbital 
is a bonding orbital. It involves overlap of an s orbital with the lobe of a p orbital of the same sign. 
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On the other hand, the overlap of an s orbital with the lobe of a p orbital of opposite sign is 
antibonding. 


Overlap in the manner shown next is nonbonding. Both the positive lobe and the negative lobe of 
the p orbital overlap with the spherically symmetrical s orbital. The bonding overlap between the s 
orbital and one lobe of the p orbital is exactly canceled by an antibonding interaction between the s 
orbital and the lobe of opposite sign. 


2.50 The end-to-end overlap of two p orbitals corresponds to а с bond as the overlap is symmetrical 
along the internuclear axis. The side-to-side overlap of two parallel p orbitals gives rise to a bond. 


ANSWERS TO INTERPRETIVE PROBLEMS 
2.51 C; 252 B; 253 C; 254 C 
SELF-TEST 


l. Write the structure of each of the four-carbon alkyl groups. Give the common name and the 
systematic name for each. 


2. How many o bonds are present in each of the following? 
(a) Nonane (b) Cyclononane 


3. Classify each of the following reactions according to whether the organic substrate is oxidized, 
reduced, or neither. 


light 


(а) CHCH; + Br; CH4CHjBr + HBr 


(b) CH.CH;Br + но“ CH;CH,OH + Br 
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10. 


11. 


12. 


H2504 
heat 


(c) CH4CH;OH H»C=CH, + HO 


(d) H,C=CH, + H5 B CHCH; 
(а) Write a structural formula for 3-isopropyl-2,4-dimethylpentane. 
(b) How many methyl groups are there in this compound? How many isopropyl groups? 


Give the IUPAC name for each of the following substances: 


(a) (b) 


The compounds in each part of the previous question contain 
secondary carbon(s), and tertiary carbon(s). 


primary carbon(s), 


Using the method outlined in text Section 2.13, give an IUPAC name for each of the following alkyl 
groups, and classify each one as primary, secondary, or tertiary. 


(a) (овисна нон (6) (CH4CH34C— (с) (CH3CHj4CCH;— 


Write a balanced chemical equation for the complete combustion of 2,3-dimethylpentane. 


Write structural formulas and give the names of all the constitutional isomers of С5 Но that contain 
aring. 


Each of the following nares is incorrect. Give the correct name for each compound. 
(a) 2,3-Diethylhexane (c) 2,3-Dimethyl-3-propylpentane 

(b) Q-EthylpropyDcyclohexane 

Which Сз Нуз isomer 

(a) Has the highest boiling point? 

(b) Has the lowest boiling point? 


(c) Has the greatest number of tertiary carbons? 


(d ) Has only primary and quaternary carbons? 


Draw the constitutional isomers of C ;H;g that have five carbons in their longest chain, and give an 
IUPAC name for each of them. 
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13. 


14. 


15. 
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Given the following heats of combustion (in kilojoules per mole) for the homologous series of 
unbranched alkanes: hexane (4163), heptane (4817), octane (5471), nonane (6125), estimate the heat 
of combustion (in kilojoules per mole) for pentadecane. 


How many б and л bonds are present in each of the following? 


(а) CH;CH=CHCH; (c) == 


О 


(b) НСЕССЊСНа (4) C=N 


Give the hybridization of each carbon atom in the preceding problem. 


CHAPTER 3 


Alkanes and Cycloalkanes: Conformations and cis-trans 
Stereoisomers 


SOLUTIONS TO TEXT PROBLEMS 


3.1 (b) The sawhorse formula contains four carbon atoms in an unbranched chain. The compound is butane, 
CH,CH,CH,CHs3. 


СН; 


(с) The wedge-and-dash drawing has а total of five carbons. It has a four-carbon chain with a methyl 
substituent. The compound is 2-methylbutane. 


HC СН; (Ha 
cm OT CH;CH;CHCH; 
H ©, 


2-Methylbutane 


Red circles gauche: 60° and 300?- Red circles anti: 180°, Gauche and anti relationships occur only іп ~ 
staggered conformations; therefore, ignore the eclipsed conformations (0°, 120°, 240°, 360°). 


3.3 All the staggered conformations of propane are equivalent to one another, and all its eclipsed conformations 
are equivalent to one another. The energy diagram resembles that of ethane in that it is a symmetrical one. 
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3.4 
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H H H H 
H HC H H 
H H H H H H H| H 
НС н H CH3 ЮС H 


Potential energy — —————- 


0 60 120 180 240 300 360 
‘Torsion angle (degrees) 


The activation energy for bond rotation in propane is expected to he somewhat higher than that in ethane 
because of van der Waals strain between the methyl group and a hydrogen in the eclipsed conformation. This 
strain is, however, less than the van der Waals strain between the methyl groups of butane, which makes the 
activation energy for bond rotation less for propane than for butane. 


To work this problem, consider the carbons marked 1 and 2 in acetylcholine. The front carbon (1) in the 
Newman projection is bonded to two hydrogen atoms and a nitrogen atom. These can be placed on the 
Newman projection in any of the three positions on the front carbon. For the anti example shown, the 
nitrogen atom is placed at the position at the top of the front carbon. 


+ 

+ || N(CH3)4 

(CH349NCH;CH,OCCH,; 
1 2 


Acetylcholine 


The two hydrogens can then be filled in as shown. 
+ 
N(CH3)3 
H H 


Placement of the oxygen atom in the hack carbon is critical. Because the nitrogen atom in the front is already 
in place, the oxygen should be positioned anti to the nitrogen as shown. 


P du N СНз)з 


О is anti to N 
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Finally, fill in the remaining positions with the two hydrogens left on the back carbon (2) 


T 
N(CH3)3 
H H 
H H 
осн, 
О 
Anti 


For the gauche conformation, fill in the front and back carbons in a similar fashion, except make sure that the 
N and O groups are now gauche to one another. 


O is gauche to N. 


Filliug in the hydrogen atoms gives the final auswer, gauche acetylcholine. 


H 
H H 
+ 
Н N(CH3)3 
к 
О 
Gauche 


3.5 Ethylcyclopropane and methylcyclobutane are isomers (both are Са H10). The less stahle isomer has the 
higher heat of combustion. Ethylcyclopropane has more angle strain and is less stable (has higher potential 


energy) than methylcyclohutane. 
[2— СЊСНа ФЕ 


А . Less stable More stable 
Heat of combustion: 3384 kJ/mol 3352 kJ/mol 
(808.8 kcal/mol} (801.2 kcal/mol} 


3.6 (b) То be gauche, substituents X and A must be related by a 60° torsion angle. If A is axial as specified in 
the problem, X must therefore be equatorial. 


Tl 


X and A are gauche. 
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(c) For substituent X at C-1 to be anti to C-3, it must be equatorial. 


3 
A 


(d) When X is axial at C-1, it is gauche to C-3. 
X 


A 


3.7 (b) According to the numbering scheme given in the problem, a methyl group is axial when it is “up” at C-1 
but is equatorial when it is up at C-4. Because substituents are more stable when they occupy equatorial 
rather than axial sites, a methyl group that is up at C-1 is less stable than one that is up at C-4. 


CH; —— Up 


Down———- H 


(c) Ап alkyl substituent is more stable in the equatorial position. An equatorial substituent at C-3 is 
“down.” 


H Up 
Down ——~» H3C 


3.8 А tert-butyl group is much larger than a methyl group and has a greater preference for the equatorial position. 
The most stable conformation of 1-tert-butyl-1-methylcyclohexane has an axial methyl group and ап 
equatorial tert-butyl group. 


CH3 


[oe 


1-fert-Butyl- 1-methylcyclohexane 


3.9 The four constitutional isomers of cis- and trans-1,2-dimethylcyclopropane that do not contain double 
honds are 


ae [>—сн‚сн, 


1,1-Dimethylcyclopropane Ethylcyclopropane 
CH3 


z Q 


Methylcyclobutane Cyclopentane 
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3.10 The cis and trans stereoisomers of chrysanthemic acid may be conveniently drawn using the 
wedge-and-dash convention. 
Н.С (CH, Н.С ,CH, 
cue, LS. 


T~ 
= 
men 
QO 
о 
о 
= 
a 
= 
>. 
"3 
С) 
4 


! qu. 
H H COOH 
cis trans 
A perspective drawing may also be used. 
Я сн; Я сн; 
{СНз)2С=С COOH (CH3),C=C H 
| 1 
H CH3 4 н CH; COOH 
cis 


trans 


3.11 When comparing two stereoisomeric cyclohexane derivatives, the more stable stereoisomer is the one with the 


greater number of its substituents in equatorial orientations. Rewrite the structures as chair conformations to 
see which substituents are axial and which are equatorial. 


HC | 
H CH; 


cis-1,3,5-Trimethylcyclohexane 


conformation. 


All methyl groups are equatorial in cís-1,3,5-trimethylcyclohexane. It is more stahle than trans-1,3,5- 
trimethylcyclohexane (shown in the following), which has one axial methyl group in its most stable 


trans-1,3,5-Trimethylcyclohexane 
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3.12 In each of these problems, a tert-butyl group is the larger substituent and will be equatorial in the most stable 
conformation. Draw a chair conformation of cyclohexane, add an equatorial tert-butyl group, and then add the 
remaining substituent so as to give the required cis or trans relationship to the tert-butyl group. 


(b) Begin by drawing a chair cyclohexane with an equatorial tert-butyl group. In cis-1-tert-butyl-3- 
methylcyclohexane, the C-3 methyl group is equatorial. 


H 
H 


C(CH3)3 


H3C 


(c) In trans-1-tert-butyl-4-methylcyclohexane, both the tert-butyl and the C-4 methyl group are equatorial. 


е с(снууз 


(d) Again, the tert-butyl! group is equatorial; however, in cis-1-tert-butyl-4-methylcyclohexane, the methyl 
group on C-4 is axial. 


H 


C(CH3)3 
CH; 


3.13 The simplest approach is to break the four bonds that belong to two rings (the ring fusions, in this case). This 
leaves one large ring. 


H3C НС 
CH(CH4 h CH(CH3); 
HC 


4 disconnections 


ој а m CH3 


НС СНз Н.С CH3 


Hopane 


Cleaving any of the bonds in the large ring gives a noncyclic species. Therefore, a total of five bond 
disconnections is needed. Hopane is pentacyclic. 
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3.14 Hydrocarbon А is a spiro compound, encompassing ten carbons. It is, therefore, a spirodecane. Four carbons 
are unique to the cyclopentane ring, five to the cyclohexane ring, making it a substituted spiro[4.5]decane. 
Numbering proceeds through the smaller ring to the larger and substituents are listed in alphabetical order. 


2-isopropyl-6, L0-dimethylspiro[4.5jdecane 


3.15 The two bond cleavages shown convert camphene to a noncyclic species; therefore, camphene is bicyclic. 
(Other pairs of bond cleavages are possible and lead to the same conclusion.) 


CH; CH; CH; 
A CH; CH; сн; 
CH; CH; 5 CH; 
3.16 (b) The structure of bicyclo[2.2.1]heptane was given in part (a) of this problem in the text. Numbering 


begins at a bridgehead position and continues in the direction of the largest bridge. The smallest 
bridge is numbered last. 1,7,7-Trimethylbicyclo[2.2.1]heptane has the structure shown at the right. 


В НС СН; 
| СН; 
6 2 
d ТЗ 


(c) The three bridges in bicyclo[3.1.1]heptane contain three carbons, one carbon, and one carbon. The 
structure can be written in a form that shows the actual shape of the molecule or one that simply 
emphasizes its constitution. 


-——— Опе-сађоп 
Three-carbon ——= bridge 
bridge 
== One-carbon 


bridge 
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3.17 


Geosmin 


Geosmin has two cyclohexane rings that are connected by one common bond (this is considered a fused-ring 
system). These two rings as drawn do not give any information regarding stereochemistry, so one must rely 
on the relative positions specified by the substituents. The wedge-and-dash notation indicates that one methyl 
group is trans to the hydroxyl group and the other methyl group is cis to the hydroxyl group. There is also a 
hydrogen atom that was not specified in the original structure. It is understood to be there, but for clarity it is 
drawn in with a wedge in the structure on the right. This hydrogen is cis to the top methyl group as shown. 


fh СН» 
СНз and ОН are trans oe 


СНз and OH are cis 


CH; and H are cis 


Consider the decalin chair conformation skeleton that follows on the left. The bond that is common to both 
rings has substituent positions that are already trans. This can be understood by looking at the middle 
structure where the right six-membered ring of decalin has a cyclohexane ring that is bold. The relative 
positions of the substituents on each of the two carbon atoms that are shared by both rings are designated as 
down and up. An up position for a methyl substituent versus a down position for the hydroxyl position would 
give a trans orientation as shown. 


Down versus up 
- ^ OH 
Up versus down 


To draw in the remaining methyl group, the relative positions of the two indicated groups are considered. 
Because the second methyl group has a cis relationship to the hydroxyl group, this substituent must be placed 
in the down position as indicated. The hydrogen, if specified, is then filled into the remaining axial position 
as shown. Note that the hydrogen is cis to the axial methyl group. 


U 
Ci yc CH, q 


CH; 
OH Me OH 
Down 
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3.18 Because the two conformations are of approximately equal stability when R — H, it is reasonable to expect 
that the most stable conformation when В = СНз will have the СНз group equatorial. 


TUM он 


R = Н: both conformations similar in energy 
К = СНз: most stable conformation has CH; equatorial 


3.19 Naming these alkanes is simplified if you first translate the Newman or sawhorse projection into a more 
conventional structural formula, 


(b) 


3.20 (a) 


(b) 


СНз 
H H (Ha 
НСС CH; 2,2-Dimethylpropane 
H3C СН» 
H CH4 
CH; CH, 
H fn 
| нус—С— CH;CHCH; 2,4-Dimethylpentane 
H CH;CH(CH3) i CH, 
H ~ 
CH; 
Us oq 
H H H CH;CH; ioc CH;- CH — CH;CH3 2,2,4-Trimethylhexane 
CH, 


C(CH3)3 


First write out the structural formula of 2,2-dimethylbutane in order to identify the substituent groups 
attached to C-2 and C-3. As shown at left, C-2 bears three methyl groups, and C-3 bears two hydrogens 
and a methyl group. The most stable conformation is the staggered one shown at right. All other 
staggered conformations are equivalent to this one. 


Sight along this bond 


CH, 
сві Н.С CH; 
H4C-C—-C- CH; 
| | H H 
CH; CH; 


The constitution of 2-methylbutane and its two most stable conformations are shown. 


Sight along this bond 


CH; CH; 
H H HaC CH; Н.С H 
H —(———QQ-— 
Xo с ens H H H 
CH: H H CH; 
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Both conformations are staggered. In one Newman projection (left), the methyl group at the back is 
gauche to the two methyl groups in the front. In the other (right), it is gauche to one and anti to the 


other. 
(c) The hydrogens at C-2 and C-3 may be gauche to one another (left), or they may be anti (right). 
Sight along this bond 


CH; CH, 
CESSIT НС СН» HC H 
H,C~C—*C—CH 
mr. Hs H CH, H CH; 
CH; H CH; 


3.21 The 2-metbylbutane conformation with one gauche CH;:--CH. and one anti CH.4:--CH, relationship is more 
stable than the one with two gauche CH,---CH; relationships. The more stable conformation has less van der 


Waals strain. 
CH3 CH; 
H3C H Hac CH; 
H H H H 
CH; H 
Mote stable Less stable 


3.22 Ail the staggered conformations about the C-2—C-3 bond of 2,2-dimethylpropane are equivalent to one 
another and of equal energy; they represent potential energy minima. All the eclipsed conformations are 


equivalent and represent potential energy maxima. 


CH; CH; CH; CH; 
H H H H 
Н.С” СН; НС“ СН; НзС- CH; НАС“ CH; 
H H H H H H H H 


Potential energy 


0 60 120 180 240 300 360 
Torsion angle (degrees) 


The shape of the potential energy profile for internal rotation in 2,2-dimethylpropane more closely resembles that of 
ethane than that of butane. 
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3.23 The potential energy diagram of 2-methylbutane more closely resembles that of butane than that of ethane in 
that the three staggered forms are not all of the same energy. Similarly, not all of the eclipsed forms are of 
equal energy. 


CH3 
H 
H 
B 
Ф 
5 
= 
È | H3 H3 
H H H H H H 
H3C H Н.С CH; H CH; 
H СН; 
| | E 
180 240 300 360 


Torsion angle (degrees) 


3.24 Bromine is attached to С-1. Sight down the C-1—C-2 bond and convert the structural drawing to a Newman 
projection. 


H 
Gauche toBr H H Anti to Br 


Br H 
CH; 
Gauche to Br 


3.25 The structure shown in the text is not the most stable conformation because the bonds of the methyl group are 
eclipsed with those of the ring carbon to which it is attached. The most stable conformation has the bonds of 
the methyl group and its attached carbon in a staggered relationship. 


i^ UH Hon 
г fae, z | H 
H 
H H 
Bonds of methyl group eclipsed Bonds of methyl group staggered 


with those of attached carbon with those of attached carbon 


72 CHAPTER 3: Alkanes and Cycloalkanes: Conformations and cis-trans Stereoisomers 


3.26 Conformation B is more stable than A. The methyl groups are rather close together in A, resulting in van der 
Waals strain between them. In B, the methyl groups are farther apart. 


Van der Waals strain between cis methyl groups. Methyl groups remain cís but are far apart. 
CH; - --- CH; 
ин HS с, 
H H 
A B 


3.27 (a) Byrewriting the structures in a form that shows the order of their atomic connections, it is apparent that 
the two structures are constitutional isomers. 


H is equivalent to CH;CCH; (2,2-Dimethylpropane) 
Н.С CH4 CH; 
H 
CH; CH; 
H | ; | 
is equivalent to СЊСНСНСНа (2-Methylbutane) 
HC 
СНз 


(b) Both models represent alkanes of molecular formula CgH44. In each one, the carbon chain is 


unbranched, The two models are different conformations of the same compound, 
CH 3CH2CH»2 CH; CH;CH 3 (hexane). 


(c) Тһе two compounds have the same constitution; both are (CH4); CHCH(CH3)2. The Newman 


projections represent different staggered conformations of the same molecule: in one, the hydrogeus are 
anti to each other; whereas in the other whereas, they are gauche. 


H СН» 
HC CH3 T Hae are different conformations of 
HC CH; H3C H  2,3-dimethylbutane 
H CH; 
Hydrogens at C-2 Hydrogens at C-2 
and C-3 are anti. and C-3 are gauche. 


(d) The compounds differ in their connectivity. They are constitutional isomers. Although the compounds 
have different stereochemistry (one is cis, the other trans), they are not stereoisomers. Stereoisomers 
must have the same constitution. 


CH; СНз 
С = 


cis-1,2-Dimethylcyclopentane — frans-1,3-Dimethylcyclopentane 
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(e) 


(f) 


(g) 


3.28 (a) 


(b) 


Both structures are cis-1-ethyl-4-methylcyclohexane (the methyl and ethyl groups are both “ир”). In the 
structure on the left, the methyl is axial and the ethyl equatorial. The orientations are opposite to these in 
the structure on the right. The two structures are ring-flipped forms of each other—different 
conformations of the same compound. 


The methy! and the ethyl groups are cis in the first structure but trans in the second. The two compounds 
are stercoisomers; they have the same constitution but differ in the arrangement of their atoms in space. 


СН; 
M, 6 
CH4CH; CH; 
cis-]-Ethyl-4-methyicyclohexane trans-1-Ethyl-4-methylcyclohexane 
(both alkyl groups are up) (ethyl group is down; methyl group is up) 


Do not be deceived because the six-membered rings look like ring-flipped forms. Remember, chair— 
chair interconversiou converts all the equatorial bonds to axial and vice versa. Here the ethyl group is 
equatorial in both structures. 


The two structures have the same constitution but differ in the arrangement of their atoms in space; 
they are stereoisomers. They are not different conformations of the same compound, because they are 
not related by rotation about C—C bonds. In the first structure, as shown here, the methyl group is 
trans to the indicated bonds, whereas in the second it is cis to these bonds. 


CH; H 
H CH; 
— —M 
Methyl is trans to Methyl is cis to 
these bonds. these bounds. 


Isomers are different compounds that have the same molecular formula. 2,2-Dimethylhexane has a 
molecular formula of C,H, and is not an isomer of 2,3-dimethylpentane ог 2,3-dimethylpentane, both 


of which have the molecular formula СУН. 


(CH34CCH;CH;CH, | (CH3)3CCH)CH)CH2CH3 (бунт ношен 


CH; 
2.2-Dimethylpentane 2,2-DimethyIhexane 2,3-Dimethylpentane 
(СН) (СН) (СН) 


The two СУН alkanes differ in the order in which their atoms are connected. They are constitutional 
isomers. 


The alkane in the middle is the same as the one at the left, simply written in the opposite direction. Both 


are 2-methylpentane: 3-Methylpentane is a constitutional isomer of 2-methylpentane. 


Ac AK AR 


2-Methylpentane 2-Methylpentane 3-Methylpentane. 
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(c)  Pentane has a molecular formula of САН); it is not an isomer of cyclopentane or 1,1- 
dimethylcyclopropane, which have molecular formulas of C5H,, and are constitutional isomers 
of each other. 


BO AS (> 


Pentane Cyclopentane 1,1-Dimethylcyclopropane 


НС СНз 


(d) cis- and trans-1,2-Dimethylcyclobutane are stereoisomers. They have the same constitution but differ in 
the arrangement of atoms in space. Both are constitutional isomers of trans-1,3-dimethylcyclohutane. 


CH3 Нас 
НАС H3C 


cis-1,2-Dimethylcyclobutane trans-1,3-Dimethylcyclobutane — trans-1,2-Dimethylcyclobutane 


(e)  Therelationships here are the same as in part (d) except the compounds are the stereoisomeric cis- and 
trans-1,3-dimethyleyclohexanes and the constitutionally isomeric cis-1,2-dimethylcyclohexane. 


CH; 
CH 
CH H ‚Жеш TH 
DT en TAS D : : 3 


cis-1,2-Dimethylcyclohexane — irams-l,3-Dimethylcyclohexane — cís-1,3-Dimethylcyclohexane 


3.29 (a) Three isomers of C5Hg contain two rings and have no alkyl substituents: 


» om od 


Spiro[2.2]pentane ^ Bicyclo[2.1.0]pentane _ Bicyclo[1.1.1 pentane 


(b) Five isomers of CgHjo contain two rings and have no alkyl substituents: 


Ou. JT az 


Spiro[2.3]hexane Bicyclo[2.2.0]hexane Bicyclo[3.1.0]hexane 


А рч 


Bicycloj2.1.1]hexane Cyclopropylcyclopropane 
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3.30 (a) The heat of combustion is highest for the hydrocarbon with the greatest number of carbons. Thus, 
cyclopropane, even though it is more strained than cyclobutane or cyclopentane, has the lowest heat of 
combustion. 


, Heat of combustion 3291 kJ/mol 
Ө, Cyclopentane — (546 6 kcal/mol) 


m Cyclobutane Heat of combustion 2721 kJ/mol 
(650.3 kcal/mol} 


/\ Cyclopropane Heat of combustion 2091 kJ/mol 
(499.8 kcal/mol) 


A comparison of heats of combustion can only be used to assess relative stability when the compounds 
are isomers. 


(b) All these compounds have the molecular formula С7Нуд. They are isomers, and so the one with the 
most strain will have the highest heat of combustion. 


HC СНз  1..22-Tetramethyleyclopropane Heat of combustion 
(high in angle strain; bonds are 4635 kJ/mol 
eclipsed; van der Waals strain (1107.9 kcal/mol) 

Н.С СН. between cis methyl groups) 

cis-],2-Dimethylcyclopentane Heat of combustion 
(low angle strain; some torsional 4590 kJ/mol 
strain; van der Waals strain (1097.1 kcal/mol} 
и”) eer between cis methyl groups) 
HC СЫ» 
-CH Methyicyclobexane Heat of combustion 
peu d 3 (minimal angle, torsional, and 4365 kJ/mol 
van der Waals strain) (1091.1 kcal/mol) 


(c) These hydrocarbons all have different molecular formulas. Their heats of combustion decrease with 
decreasing number of carbons, aud comparisons of relative stability cannot be made. 


[5—«] Cyclopropylcyclopropane Heat of combustion 
(CcH19) 3886 kJ/mol 
(928.8 keal/mol) 


Spiro[2.2]pentane Heat of combustion 
[>< (Сан) 3296 kJ/mol 
(787.8 kcal/mol) 
Вісусю[1.1.0]Бисапе Heat of combustion 
«pe (CHo 2648 kJ/mol 


{633.0 ксау тођ. 


76 CHAPTER 3: Alkanes and Cycloalkanes: Conformations and cis-trans Stereoisomers 


(d) Bicyclo[3.3.0]octane and bicyclo[5.1.0]octane are isomers, and their heats of combustion can be 
compared on the basis of their relative stabilities. The three-membered ring in bicyclo[5.1.0]-octane 
imparts a significant amount of angle strain to this isomer, making it less stable than 
bicycio[3.3.0]octane. The third hydrocarbon, bicycio[4.3.0]nonane, has a greater number of carbons 


than either of the others and has the largest heat of combustion. 


H 
Bicyclo[4.3.0jnonane Heat of combustion 
(Сөн) 5562 kJ/mol 
(1350.9 kcal/mol) 
H 
Bicyclo[5.1.0]octane Heat of combustion 
(СаН 4) 5089 kJ/mol 
(1216.3 kcal/mol) 
H 
Bicyclo[3.3.0]octane Heat of combustion 
(СНА) 5016 kJ/moł 
(1198.9 kcal/mol) 
H 


3.31 The conformation of ambroxol has the two substituents in equatorial positions in the chair cyclohexane ring. 


NH, 
Br OH 
U^ СЭ 06 Ambroxol 
H 
Br 


Looking just at the cyclohexane ring, by flipping the ring to the other chair conformation, equatorial 
substituents must interconvert to axial positions. Cyclohexanes with axial substituents are generally less 
stahle (higher energy) than those with equatorial substituents. 


Ni И OH 
уш 
poe H H 
interconversion NHR 


NHR and OH are equatorial: 
more stable 


NHR and OH are axial: 
less stable 
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Completing the rest of the structure with the two axial cyclohexane substituents gives the higher energy 
conformer for ambroxol. i 


NH» 


Ambroxol (in less stable conformation) 


Br 


3.32 (a) The structural formula of 2,2,5,5-tetramethylhexane is (CH3)3 CCH? CH? C(CH3)5. Both C-3 and C-4 


have two hydrogens and a tert-butyl group attached. The most stable conformation has the large tert- 
butyl groups anti to each other. 


C(CH3); 
H H 
H H 

C(CH3)3 


Anti conformation of 
2,2,5,5-tetramethylhexane 


(b) The zigzag conformation of 2,2,5,5-tetramethylhexane is an alternative way of expressing the same 
conformation implied in the Newman projection of part (a). It is more complete, however, in that it also 
shows the spatial arrangement of the substituents attached to the main chain. 


~ 
Ж 
LPs 


2,2,5,5-Tetramethylhexane 
(c) Ап isopropyl group is bulkier than a methyl gronp and will have a greater preference for an equatorial 


orientation in the most stable conformation of cis-1-isopropyl-3-methylcyclohexane. Draw a chair 
conformation of cyclohexane, and place an isopropyl group in an equatorial position. 


H 
1 
и CH(CH3) 
3 


Notice that the equatorial isopropyl group is down on the carbon atom to which it is attached. Add a 
methyl group to C-3 so that it is also down. 


H 
H 
CH(CH3)2 
HC 


Both substituents are equatorial in the most stable conformation of cis-1-isopropyl-3- 
methylcyclohexane. 


CHAPTER 3: Alkanes and Cycloalkanes: Conformations and cis-trans Stereoisomers 


(d) One substituent is up and the other is down in the most stable conformation of trans-1-isopropyl-3- 
methylcyclohexane. Begin as in part (c) by placing an isopropyl group in an equatorial orientation on a 
chair conformation of cyclohexane. 


H 
1 
f anys 
3 


To be trans to the C-1 isopropyl group, the C-3 methyl group must be up. 


H 
CH; 
CH(CH3); 
H 


The bulkier isopropyl group is equatorial and the methyl group axial in the most stable conformation. 


(e  Tobe cis to each other, one substituent must be axial and the other equatorial when they are located at 
positions 1 and 4 on a cyclohexane ring. 


1 
H | - 
4 


Place the larger substituent (the £ert-butyl group) at the equatorial site and the smaller substituent (the ethyl 
group) at the axial one. 


(f) First write a chair conformation of cyclohexane, then add two methyl groups at C-1, and draw in the 
axial and equatorial bonds at C-3 and C-4. Next, add methyt groups to C-3 and C-4 so that they are cis 
to each other. This can be accomplished two different ways: either the C-3 and C-4 methyl groups are 
both up or they are both down. 


CH; „ “СНз 
H 1 CH; | 
CH; CH; 
H H3C 
^| CH; ^| H 
CH; H 
More stable chair conformation: C-3 methyl Less stable chair conformation: C-3 methyl 
group is equatorial; no van der Waals strain between group is axial; strong van der Waals strain ` 
axial C-1 methyl group and C-3 methyl group between axial C-1 and C-3 methyl groups 


(g) Draw the projection formula as a chair conformation. 
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Check to see if this is the most stable conformation by writing its ring-flipped form. 


CH; 
1 
H 
НС Н = 
4 2 1 
НС 
H CH; “Н 
Less stable conformation: two More stable conformation: one 
axial methyl groups axial methyl group 


The ring-flipped form, with two equatorial methyl groups and one axial methyl group, is more stable 
than the originally drawn conformation, with two axial methyl groups and one equatorial methyl group. 


3.33 Begin by writing each of the compounds in its most stable conformation. Compare them by examining their 
conformations for sources of strain, particularly van der Waals strain arising from groups located too close 
together in space. 


(a) Its axial methyl group makes the cis stereoisomer of 1-isopropyl-2-methylcyclohexane less stable than 


the trans. 
H 
1 
5 СНКСН > CH(CH3)2 
4 1 CH; 
H 2 
H CH; H 
cis-1-Isopropyl-2-methylcyclohexane trans- |-Isopropyl-2-methylcyclohexane 
(less stable stereoisomer) (more stable stereoisomer) 


The axial methyl group in the cis stereoisomer is involved in unfavorable repulsions with the C-4 and 
C-6 axial hydrogens indicated in the drawing. 


(b) Both groups are equatorial in the cis stereoisomer of 1-isopropyl-3-methylcyclohexane; cis is more 
stable than trans in 1,3-disubstituted cyclohexanes. 


H H 
s | CH3 1 
Ге ы CH(CH3)2 CH(CH3); 
3 
HC 
cis-1-lsopropyl-3-methy cyclohexane trans-1-Isopropyl-3-methylcyclohexane 
(more stable stereoisomer; both (less stable stereoisomer; methyl group 
groups are equatorial) is axial and involved in repulsions 


with axial hydrogens at C-1 and C-5) 
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(c) The more stable stereoisomer of 1,4-disubstituted cyclohexanes is the trans; both alkyl groups are 
equatorial in trans-1-isopropyl-4-methylcyclohexane. 


6 1 
CH(CH CH(CH;) 
CM EC Hye eM 


H 2 
CH3 H 
cis-1-Isopropyi-4-methylcyclohexane trans-1-Isopropyl-4-methylcyclohexane 
(less stable stereoisomer; methyl (more stable stereoisomer; both 
group is axial and involved in groups are equatorial) 


repulsions with axial 
hydrogens at C-2 and C-6) 


(d) The first stereoisomer of 1,2,4-trimethylcyclohexane is the more stable one. АП its methyl groups are 
equatorial in its most stable conformation. The most stable conformation of the second stereoisomer bas 
one axial and two equatorial methyl groups. 


HC 2 „СН: Е СНз 
| К йе ш. 
| H3C 
^n, 4 
1 СН» 
More stable stereoisomer АЙ methyl groups equatorial in 


most stable conformation 


Less stable stereoisomer 


CH; 
2 
CH3 
1 


One axial methyl group in most 
stable conformation 
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(e) The first stereoisomer of 1,2,4-trimethylcyclohexane is the more stable one here, as it was in part (d). 
All its methyl groups are equatorial, but one of the methyl groups is axial in the most stable 
conformation of the second stereoisomer. 


НС 2 CH3 СН; 
HC 
^. 4 
И СН; 
More stable stereoisomer All methyl groups equatorial in 
most stable conformation 
CH; 
Н.С 2 „СНз Н.С i 
4 d 
| 
H3,C~ Lo / 
| “CH; 4 
Less stable stereoisomer One axial methyl group in 


most stable conformation 


(f) Each stereoisomer of 2,3-dimethylbicyclo[3.2.1]octane has one axial and one equatorial methyl group. 
The first one, however, has a close contact between its axial methyl group and both methylene groups of 


the two-carbon bridge. The second stereoisomer has repulsions with only one axial methylene group; it 
is more stable. 


CH4 
НС 
Н 
H 
Less stable stereoisomer More stable stereoisomer 
(more van der Waals strain) (less van der Waals strain) 


3.34 First write structural formulas showing the relative stereochemistries and the preferred conformations of tbe 
two stereoisomers of 1,1,3,5-tetramethylcyclohexane. 


HG CH; H 


written in its most stable H3C cn 
conformation as 


3C 
CH3 


cis-1,1,3,5- Tetramethylcyclohexane 


written in-its most stable «СНз. 


conformation as 


H3C CH3 


trans-t,1,3,5-Tetramethylcyclohexane 
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The cis stereoisomer is more stable than the trans. It exists in a conformation with only one axial methyl 
group, while the trans stereoisomer has two axial methyl groups in close contact with each other. The trans 
stereoisomer is destabilized by van der Waals strain. 


3.35 When comparing isomers, one that is less stable has a higher heat of combustion than one that is more stable. 
Both methyl groups can adopt an equatorial conformation in trans-1,2-dimethylcyclohexane, and thus trans is 
the more stable stereoisomer. Notice, however, that the two methyl groups are gauche to one another in the 
1,2 isomer. Van der Waals strain between the gauche methyl groups is the reason for the higher heat of 
comhustion compared with the more stable stereoisomers of the 1,3 and 1,4 isomers. 


и 
CH; These methyl groups 


are gauche to each other. 


trans-1,2-Dimethylcyclohexane 
(more stable stereoisomer) 


CH CH 
Lo HP He a Se 
HC 


cis-1,3-Dimethylcyclohexane — trans-1,4-Dimethylcyclohexane 
(more stable stereoisomer) (more stable stereoisomer) 


The same reasoning applies to the less stable stereoisomer, cis-1,2-dimethylcyclohexane. One methyl group is 
axial while the other is equatorial in the cis stereoisomer, but once again the methyl groups are gauche to each 
other and there is van der Waals strain between them. 


СН; 


These methyl groups 
are gauche to each other. 


CH; 


cis-1,2-Dimethylcyclohexane 
(less stable stereoisomer) 


3.36 Both structures have approximately the same degree of angle strain and of torsional strain. Structure B has more 
van der Waals strain than A because two pairs of hydrogens (shown here) approach each other at distances 


that are rather close. 
H H 
о y 
A: 


More stable stereoisomer Van der Waals strain 
destabilizes B. 


3.37 Five bond cleavages are required to convert cubane to a noncyclic skeleton; cubane is pentacyclic. 


0 39 — 3 — 2 
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3.38 


3.40 


(a) The reactant is a spiro hydrocarbon. Its IUPAC name is spiro[2.5]octane. 


Alcohol A Alcohol B Alcohol C 


(b)  Carbons 4, 5, and б are oxidized in the formation of alcohols A, B, and C, respectively. 
(c) The alcohols are constitutional isomers. 


Conformational representations of the two different forms of glucose are drawn in the usual way. An oxygen 
atom is present in the six-membered ring, and we are told in the problem that the ring exists in a chair 
conformation. 


HOCH; 


written in its most stable HO 


и. ОН conformation as HO 


HÓ OH 


One axial substituent 


HOCH; 


О 
written in its most stable но. 


conformation as 


OH 
OH 


All substituents equatorial 


The two structures are not interconvertible by ring flipping; therefore, they are not different conformations of 
the same molecule. Remember, ring flipping transforms all axial substituents to equatorial ones and vice 
versa. The two structures differ with respect to only one substituent; they are stereoisomers of each other. 


This problem is primarily an exercise in correctly locating equatorial and axial positions in cyclohexane rings 
that are joined together into a steroid skeleton. Parts (а) through (e) are concerned with positions 1, 4, 7, 11, 
and 12 in that order. The following diagram sbows the orientation of axial and equatorial bonds at each of 
those positions. 


Both methyl groups are up. 


(a) At C-1, the bond that is cis to the methyl groups is equatorial (up). 
(b) At C-4, the bond that is cis to the methyl groups is axial (up). 


(c) AtC-7, the bond that is trans to the methyl groups is axial (down). 
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(d) At C-11, the bond that is trans to the methyl groups is equatorial (down). 
(e) | At C-12, the bond that is cis to the methyl groups is equatorial (up). 


3.41 Analyze this problem in exactly the same way as the preceding one by locating the axial and equatorial bonds 
at each position. It will he seen that the only differences are those at C-1 and C-4. 


Both methyl groups are up. 


(a) AtC-1, the bond that is cis to the methyl groups is axial (up). 

(b) At C-4, the bond that is cis to the methyl groups is equatorial (up). 

(c) At C-7, the bond that is trans to the methyl groups is axial (down). 

(d) At C-11, the bond that is trans to the methyl groups is equatorial (down). 
(e) At C-12, the bond that is cis to the methyl groups is equatorial (up). 


3.42 (a) Тһе torsion angle between cblorine substituents is 60° in the gauche conformation and 180° in the anti 
conformation of CICH2CH;CI. 


Cl Cl 
H Ci H H 
H H H H 
H Cl 
Gauche Anti 
(can have a dipole moment) ^ (cannot have a dipole moment) 


(b) All the individual bond dipole moments cancel in the anti conformation of CICH CHCl, and this 
conformation has no dipole moment. Because CICH;CH5CI has a dipole moment of 1.12 D, it can exist 


entirely in the gauche conformation or it can be a mixture of anti and gauche Cont anon: but it cannot exist 
entirely in the anti conformation. Statement 1 is false. 
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ANSWERS TO INTERPRETIVE PROBLEMS 


3.43 B; 344 D; 3.45 A; 346 B; 3.47 B 


SELF-TEST 


1. Draw Newman projections for both the gauche and the anti conformations of 1-chloropropane, 
CH4CH3CH3CI. Sight along the C-1, C-2 bond (the chlorine is attached to С-1). 


2. Write Newman projection formulas for 


(а) Тһе least stable conformation of butane 
(b) Two different staggered conformations of СЪСНСНСЬ 


3.  Givethe correct IUPAC name for the compound represented by the following Newman projection. 


CH; 
H H 
НС CH; 
C(CH3)3 


4. Write the structure of the most stable conformation of the less stable stereoisomer of 1-tert-butyl-3- 
methylcyclohexane. 


5. Draw the most stable conformation of the following substance: 


НС 


Which substituents are axial and which equatorial? 


6.  Awedge-and-dash representation of a form of ribose (called D-D-ribopyranose) is shown here. Draw the most 
stable chair conformatiou of this substance. 
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7. 


10. 


11. 


12. 
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Consider compounds A, B, C, and D. 
СН; 
HCI H3C и 
А В 
CH; CH; 
C D 
(a) Which one is a constitutional isomer of two others? 
(b) Which two are stereoisomers of one another? 
(c) Which one has the highest heat of combustion? 
(d) Which one has the stereochemical descriptor trans in its name? 


Draw clear depictions of two nonequivalent chair conformations of cis-1-isopropyl-4-methylcyclohexane, 
and indicate which is more stable. 


Which has the lower heat of combustion, cíis-1-ethyl-3-methylcyclohexane or cis-1-ethyl-4- 
methylcyclohexane? 


The hydrocarbon shown is called twistane. Classify twistane as monocyclic, bicyclic, etc. What is the 
molecular formula of twistane? 


Sketch an approximate potential energy diagram similar to those shown in the text (Figures 3.4 and 3.7) for 
rotation about a carbon—carbon bond in 2-methylpropane. Does the form of the potential energy curve more 
closely resemble that of ethane or that of butane? 


Draw the structure of the sulfur-containing heterocyclic compound that has a structure analogous to that of 
tetrahydrofuran. 
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Alcohols and Alkyl Halides 


SOLUTIONS TO TEXT PROBLEMS 


4.1 (b) Тој have the general formula RSH. The two thiols having the molecular formula Сз HS are 


CH,CH,CH;SH and  CH;CHCH; 
SH 


4.2 А carbonyl group is C=O. Of the two carbonyl functions in prostaglandin E,, one belongs to the ketone 
family, the other to the carboxylic acids. 


О Carboxylic acid 
Ketone QUT "d functional group 
ti OH 
functional 
group 22 


HO OH 


The most acidic functional group in prostaglandin E, is the carboxylic acid. From Table 1.8 in the text, a 


typical pKa of a carboxylic acid is 4.7. 
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4.3 There are four СаНо alkyl groups, and so there are four C4HoCl alkyl chlorides, Each may be named by 
both the functional class and substitutive methods. The functional class name uses the name of the alkyl group 
followed by the halide as a second word. The common names for the СаНо alkyl groups are acceptable in the 


TUPAC system, and functional class names using them are given first in the following list. The substitutive 
name modifies the name of the corresponding alkane to show the location of the halogen atom. 


Functional class TUPAC name Substitntive IUPAC name 
CH4CH,CH;CH;CI n-Butyl chloride 1-Chlorobutane 
(hutyl chloride) 
и sec-Butyl chloride 2-Chlorobutane 
СІ (1-те(ћуіргору1 chloride) 
CH3CHCH;CI Isobutyl chloride 1-Chloro-2-methylpropane 
| | 
CH; (2-methylpropyl chloride) 
св 
єн Сн tert-Butyl chloride 2-Chloro-2-methylpropane 
СІ (1,1-dimethylethyl chloride) 


4.4 Alcohols may also be named using both the functional class and substitutive methods, as in the previous 


problem. 
Functional class IUPAC name Snbstitutive TUPAC name 
(2004 name) 
CH4CH4CH;CH;OH n-Butyl alcohol 1-Butanol 
(butyl alcohol) (butan-1-ol) 
НВ. sec-Butyl alcohol 2-Butanol 
OH (1-methylpropyl alcohol) (butan-2-ol) 
CH;CHCH;0H Isobuty] alcohol 2-Methyl-1-propanol 
бн, (2-methylpropyl alcohol) (2-methylpropan-1-ol) 
сњ 
ес tert-Butyl alcohol 2-Methyl-2-propanol 


OH (1,1-dimethylethyl alcohol) (2-methylpropan-2-ol) 


CHAPTER 4: Alcohols and Alkyl Halides 89 


4.5 Alcohols are classified as primary, secondary, or tertiary according to the degree of substitution of the carbon 
that bears the hydroxyl group. 


| | 
SEBCE;CHs -C—70H е 
H OH 
Primary alcohol Secondary alcohol 
(one alkyl group bonded to — CH, OH) (two alkyl groups bonded to „2СНОН) 
H Ha 
| ЕР 
(CH34CH—C—OH HH 
H CH; 
Primary alcohol Tertiary alcohol 
(one alkyl group bonded to — CHOH) (three alkyl groups bonded to —>COH) 


4.6 Dipole moment is the product of charge and distance. Although the electron distribution in the carbon— 
chlorine bond is more polarized than tbat in the carbon-bromine bond, this effect is counterbalanced by tbe 
longer carbon-bromine bond distance. 


vi ц=е.а 
Dipole Charge Distance 
moment 
4 E. 
H4C—CI H3C—Br 
Methyl chioride Methyl bromide 
(greater value of e) (greater value of d) 
и 19D pi8D 


4.7 All the hydrogens in dimethyl ether (CH30CH3) are bonded to carbon; therefore, intermolecular hydrogen 


bonding between dimethyl ether molecules does not take place, and its boiling point is lower than that of 
ethanol (СН3СН» ОН), in which bydrogen bonding involving the —-OH group is important. 


48 (b) Hydrogen chloride converts tertiary alcohols to tertiary alkyl chlorides. 


({СНзСН>)3 СОН + HCl ———- (CH34CH5)4CCI + H20 
3-Ethyl-3-pentanol Hydrogen 3-Chloro-3-ethylpentane Water 
chloride 


(c)  1-Tetradecanol is a primary alcohol having an unbranched 14-carbon cbain. Hydrogen bromide reacts 
with primary alcohols to give the corresponding primary alkyl bromide. 


CHiCHj44CH;0OH + HBr CH4CHj;;CH;Br + НО 


1-Tetradecanol Hydrogen 1-Bromotetradecane Water 
bromide 
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4.9 The rate determining step is the formation of a carbocation by dissociation of the alkyloxonium ion. 


H : 
+ • 
= М H 
H ГА 
Н Н 
СусІоһехуіохопіџт іол Cyclohexyl cation Water 


4.10 The order of carbocation stability is tertiary > secondary > primary. There is only one сна“ carbocation 
that is tertiary, and so that is the most stable one. 


CH3 
CH;CH;C* 
CH; 


1,1-Dimethylpropyl cation 


4.11 Carbocations are stabilized by substituents that release electrons to the positively charged carbon. The 
presence of three strongly electronegative fluorines makes the CF3 group strongly electron attracting, not 


electron releasing. 


e p 
FO ACA. 
FICA CE; HCA CH 


Thus, the carbocation (СЕз)з С? is destabilized. (CH3) C* is a more stable carbocation. 


4.12 Bach alkyl group has three bonded pairs of electrons that are В to the positively charged carbon of a 
carbocation and are involved in stabilizing the carbocation hy hyperconjugation. Thus, a tertiary carbocation 
has nine bonded pairs of electrons В to the charged carbon, a secondary carbocation has six, and a primary 
carbocation has three. 


No H H 
В В В "n 
n я Jc D 
Ив СВ. Ив в в H 
FAN PAN 


Tertiary carbocation Secondary carbocation Primary carbocation 
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4.13 Primary alcohols react with hydrogen halides in two steps, not three. The first step is a rapid protonation of 


Potential energy 


4.14 


the alcohol to form an intermediate alkyloxonium ion. In the second step, the halide ion, bromide ion in this 
case, pushes off a water molecule to give the alkyl bromide product. 


CHYCH5s q 


= 4 
Вг----СН;---0 ô+ 
H 


$ 


CH5(CH;)sCHz- Q 8+ 
H 


CH3(CH2)s;CH,0H 
+ HBr " 
CH3(CH2)s5CH;— ОН» 

+ Вг 


CH4(CH5CH3Br 
+ H;0 


Reaction coordinate 


1-Butanol is a primary alcohol; 2-butanol is a secondary alcohol. A carbocation intermediate is possible in the 
reaction of 2-butanol with hydrogen bromide but not in the corresponding reaction of 1-butanol. 


The mechanism of the reaction of 1-butanol with hydrogen bromide proceeds by displacement of water by 
bromide ion from the protonated form of the alcohol (the alkyloxonium ion). 


Protonation of the alcohol: 


H 
D "= +/ e$ ~ 
CHSCH;CH;CHz7Q : + н——Вг; CH;CH;CH;CH;-Q м m Вг; 
H H 
]-Butanol Hydrogen bromide Butyloxonium ion Bromide ion 
Displacement of water by bromide: mM 
CH,CH,CH, H H 
ets | +f, slow DV б l, 
«Br. + CHO. М CH4CH;CH;CH;-Bi? + iQ 
ee | N .. м 
H H 
Bromide ion Butyloxonium ion 1-Bromobutane Water 


The slow step, displacement of water by bromide from the oxonium ion, is bimolecular. The reaction of 
| -bntanol with hydrogen bromide follows the 542 mechanism. 
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The reaction of 2-butanol with hydrogen bromide involves a carbocation intermediate. 


Protonation of the alcohol: 


CH.CH;CHCH, + o ма сњењенсњ + Вг 
ee + *. 


O; 
foe иж. 
Н H H 
2-Butanol Hydrogen bromide sec-Butyloxonium ion Bromide ion 
Dissociation of the alkyloxonium ion: 
CH4CH;CHCH; | H 
l; — sow , CHCH,CHCH, + :9: 
н“ • `H T xu 
sec-Butyloxonium ion sec-Butyl cation Water 
Capture of sec-butyl cation by bromide: 
•• — + 
“Вг. + CH,CH,CHCH; СЕНЕН; 
‚Вг; 
Bromide ion sec-Butyl cation 2-Bromobutane 


The slow step, dissociation of the alkyloxonium ion, is unimolecular. The reaction of 2-butanol with hydrogen 
bromide follows the 541 mechanism. 


Ego (RT 


4.15 (a) The Arrhenius equation: k= Де ~ 


At 40°c: 

E,,/RT = (75.3 КТ mol /(8.314 x 10° kJ К" mol" x 313 К) 
= 28.94 

ky = (5.00 x 10’ L mol "sec ')(e >) 

kp = (5.00 x 10' L mol sec )(2.70 x 107°) 

Ка = 1.35 x 105 L mol"sec" 

(b 4АЕ50°С: 

E, (ЕТ = (75.3 kJ тог (8.314 x 10° kJ K” mol ' x 323 К) 
= 28.04 

ko = (5.00 x 10’ L mol sec (2 >“) 

Кы = (5.00 x 10' L тог 'sec (6.64 x 10) 


ka = 3.32 x 10? L mol'sec ' 
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Note that the rate has more than doubled for a 10-degree increase in temperature! Also note that the 
units of the rate constant k are L mot’ sec’. These units are those of a second-order reaction. The units 
of К for a first-order reaction are sec". Reaction order and the difference between first- and second-order 
reactions are discussed in Chapter 8. 


4.16 The most stable alkyl free radicals are tertiary. The tertiary free radical having the formula C5Hj, has the 
same skeleton as the carbocation in Problem 4.10 but has one more electron. 


ЄН; 
CH3CH;C* 
CH; 


4.17 (b) Writing the equations for carbon-carbon bond cleavage in propane and in 2-methylpropane, we see that 
a primary ethyl radical is produced by a cleavage of propane, whereas a secondary isopropyl radical is 
produced by cleavage of 2-methylpropane. 


Cé C CH;CH, + -CH 

Jer H3 3CH2 3 
Propane Ethy! radical Methyl radical 
CH; CH; 
UAE а. | 

CH4CH-—CH; CHCH + ссњ 
КЕ, . 

2-Methylpropane Isopropyl radical Methyl radical 


A secondary radical is more stable than a primary one, and so carbon-carbon bond cleavage of 
2-methylpropane requires less energy than carbon-carbon bond cleavage of propane. 


(c)  Carbon-carbon bond cleavage of 2,2-dimethylpropane gives a tertiary radical. 


CH 
| v a 
CH3C;—— CH; -  H&C-C* + «CH 
[КИ \ 
CH; CH3 
22-Dimethylpropane tert-Butyl radical Methyl radical 


As noted in part (b) a secondary radical is produced on carbon-carbon bond cleavage of 
2-methylpropane. We therefore expect a lower carbon-carbon bond dissociation enthalpy for 
22-dimethylpropane than for 2-methylpropane, because a tertiary radical is more stable than a 
secondary one. 


4.18 First write the equation for the overall reaction. 


сна + Cl; CHCI + ACh 


Chloromethane Chlorine Dichloromethane Hydrogen 
chloride 
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The initiation step is dissociation of chlorine to two chlorine atoms. 


са CIS + CE 
en ee oe ae 
Chlorine Two chlorine atoms 


A chlorine atom abstracts a hydrogen atom from chloromethane in the first propagation step. 


H H 
| UN кү "T : / ee 
CI—C-— + CH сс, + н— С 
ee Ф 
H 
Chloromethane Chlorine atom Стоготету! radical Hydrogen chloride 


Chioromethyl radical reacts with Cl, in the next propagation step. 
H H 
| .. .. | on 
a-df a ge CI-C—CI: 
H H 


Chloromethy] radical Chlorine Dichloromethane Chlorine atom 


+ Cit 


4.19 Writing the structural formula for ethyl chloride reveals that there are two nonequivalent sets of hydrogen 
atoms, in either of which a hydrogen is capable of being replaced by chlorine. 


Ci 
CH;CH,CL | == CH;CHCl + CICH;CH;CI 
light or heat 
Ethyl chloride 1,1-Dichloroethane 1,2-Dichloroethane 


The two dichlorides are 1,1-dichloroethane and 1,2-dichloroethane. 


4.20 Free-radical chlorination leads to substitution at each carbon that bears a hydrogen. This problem essentially 
requires you to recognize structures that possess various numhers of nonequivalent hydrogens. One way to do 
this is to replace one hydrogen with chlorine and assign an IUPAC name to the product. Continue by 
replacing one hydrogen on each carbon in the compound, and compare names to identify duplicates. 


(a) Monochlorination of 2-methylpentane gives five different monochiorination products. There are three 
methyl groups (CH,), two methylene groups (СН,), and one methine group (CH). Two of the methyl 


groups are identical and are different from the third. 


1-Chloro-2-methylpentane 2-Chloro2-methylpentane 


y^ p · Для 


3-Chloro-2-methylpentane 2-Chloro-4-methylpentane — i-Chloro-4-methylpentane 


PW E 
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Keep in mind that in these drawings, a compound that might appear different may actually be the same 
compound. For instance, the two methyl (CH3) groups on the left of the molecule will give the identical 
product, so 


Cl 


E MM are the same compound. 


Cl 
]-Chlom-2-methylpentane and 1-Chloro-2-methylpentane 


(b) Monochlorination of 3-methylpentane gives four different monochlorinated products. 


oe Cb 1-Chloro-3-methylpentane — 2-Chloro-3-methylpentanc 3-Chloro3-methylpentane 
ч merus 
CI 


3-(Chloromethyl)pentane 


(c) Monochtorination of 2,2-dimethylbutane gives three different monochlorinated products. 


Mey = У И хе у A | 
а с 


1-Chloro-2,2-dimethylbutane —3-Chloro2,2-dimethylbutane — ]-Chloro-3,3-dimethylbutane 


(d) Monochlorination of 2,3-dimethylbutane gives two products. This reactant has only two different types 
of hydrogens, methyl (CH4) and methine (CH) hydrogens. In this case, replacement of these hydrogens 
with a chlorine gives the only two possible monochlorination products shown here. 


CI 


Ch 
Я + cl 


1-Chloro-2,3-dimethylbutane ^ 2-Chloro-2,3-dimethylbutane 


4.21 Peppa has six primary hydrogens and two secondary. In the chlorination of propane, the relative proportions 
of hydrogen atom removal are given by multiplying the number of equivalent -hydrogens-by the relative-rate. 
Given that a secondary hydrogen is abstracted 3.9 times faster than a primary one, we write the expression for 
the amount of chlorination at the primary relative to that at the secondary position as 


Number of primary hydrogens x rate of abstraction of primary hydrogen _ 6x1 _ 0.77 


Number of secondary hydrogens x rate of abstraction of secondary hydrogen 2х3.9 1.00 
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Thus, the percentage of propyl chloride formed is 0.77/1.77, or 43%, and that of isopropyl chloride is 57%. 
(The amounts actually observed are propy! 45%, isopropyl 55%.) 


4.22 (b) 


(c) 


423 (a) 


(b) 


(c) 


(d) 


In contrast with free-radical chlorination, alkane bromination is a highly selective process. The major 
organic product will be the alkyl bromide formed by substitution of a tertiary hydrogen with a bromine. 


сњ св св св 
CH;CCH;CHCH; m CHsCCH;CCH; 

CH; CH, Br 
2,2,4- Trimethylpentane 2-Bromo-2,4,4-trimethylpentane 


As in part (b), bromination results in substitution of a tertiary hydrogen. 


[o Br as 
CH(CH;)2 light C(CHs)2 


Tertiary hydrogen Br 
1-Isopropyl-1- 1-(1-Bromo-1-methylethy1)- 
methylcyclopentane 1-methylcyclopentane 


Cyclobutanol has a hydroxy! group attached to a four-membered ring. 


one 


Cyclobutanol 


sec-Butyl alcohol is the functional class nane for 2-butanol. 


ЄН НЕНЕН) 
OH 


sec-Butyl alcohol 
The hydroxyl group is at C-3 of an unbranched seven-carbon chain in 3-beptanol. - 


CH;CH/CHCH;CH;CH;CH; 
OH 
3-Heptanol 


A chlorine at C-2 is on the opposite side of the ring from the C-1 hydroxyl group in trans-2- 
chlorocyclopentanol. Note that it is not necessary to assign a number to the carbon that bears the 
hydroxyl group; naming the compound as a derivative of cyclopentanol automatically requires the 
hydroxyl group to be located at C-1. 


trans-2-Chlorocyclopentanol 
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(e) This compound is an alcohol in which the longest continuous chain that incorporates the hydroxyl 
function has eight carbons. It bears chlorine substituents at C-2 and C-6 and methyl and hydroxyl 
groups at C-4. 


cm 
CH;,CHCHCCH/CHCH;CHs 
а она 


2,6-Dichloro-4-methyl-4-octanol 


(f) The hydroxyl group is at C-1 in. trans-4-tert-butylcyclohexanol; the tert-butyl group is at C-4. The 
structures of the compound can be represented as shown at the left; the structure at the right depicts it in 
its most stable conformation. 


„ОН H 
1 ) ОН 
(СНз)зС (CH3)3C 


trans-4-tert-Butylcyclohexanol 


(є апа л) The cyclopropyl group is on the same carbon as the hydroxyl group іп 1-cyclopropylethanol (on 
the left) on adjacent carbons in 2-cyclopropylethanol (on the right). 


[>-снон [5—cH;CH;0H 
CH; 


1-Cyclopropylethanol 2-Cyclopropylethanol 


4.24 (a) This compound has a five-carbon chain that bears a methyl substituent and a bromine. The numbering 
scheme that gives the lower number to the substituent closest to the end of the chain is chosen. Bromine 
is therefore at C-1, and methyl is a substituent at C-4. 


CH4CHCH;CH;CH;Br 
CH; 


1-Bromo-4-methylpentane 


(b) This compound has the same carbon skeleton as the compound in part (a) but bears a hydroxyl group in 
place of the bromine and so is named as a derivative of 1-pentanol. 


CH,CHCH;CH;CH;OH 
CH; 
4-Methyl- I-pentanol 


(c) This molecule is a derivative of ethane and bears three chiorines and one bromine. The name 2-bromo- 
1,1,1-trichloroethane gives a lower number at the first point of difference than 1-bromo-2,2,2- 
trichloroethane. 


ClCCHjBr 


2-Bromo- | „| E-trichloroethane 
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(d) 


(e) 


(7) 


(2) 


(л) 


@) 
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This compound is a constitutional isomer of the preceding one. Regardless of which carbon the 
numbering begins at, the substitution pattern is 1,1,2,2. Alphabetical ranking of the halogens therefore 
dictates the direction of numbering. Begin with the carbon that bears bromine. 


CUCEK HBe 
Ci 


1-Bromo-1,2,2-trichloroethane 


This is a trifluoro derivative of ethanol. The direction of numbering is dictated hy the hydroxyl group, 
which is at C-1 in ethanol. 


CF4CH;OH 
2,2,2- Trifluoroethanol 


Here the compound is named as a derivative of cyclohexanol, and so numbering begins at the carhon 
that bears the hydroxyl group. 


Lon 


cis-3-tert-Butylcyclohexanol 


This alcohol has its hydroxyl group attached to C-2 of a three-carhon continuous chain; it is named as a 
derivative of 2-propanol. 


2-Cyclopentyl-2-propanol 


The six carbons that form the longest continuous chain have substituents at C-2, C-3, and C-5 when 
numbering proceeds in the direction that gives the lowest numbers to substituents at the first point of 
difference. The substituents are cited in alphabetical order. 


5-Bromo-2,3-dimethylhexane 
Had numbering begun in the opposite direction, the numbers would be 2,4,5 rather than 2,3,5. 


Hydroxyl controls the numbering because the compound is named as an alcohol. 


4,5-Dimethyl-2-hexanol 
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4.25 The longest chain of carbon atoms in a functional class name begins at the carbon bearing the functional 
group. In a substitutive name, the longest cbain is identified by choosing the end of the chain nearest the 
functional group. The substitutive name of 1,2-dimethylpropyl alcohol is 3-metbyl-2-butanol. 


ch 
CH3CHCHCH; Functional class: 1,2-dimethyipropy! alcohol 
| Substitutive: 3-methyl-2-butanol 
OH 
4.26 (a) (b) Br (c) OH 
НзС. 
CIGCHOCHCIDEHUEHSES 
Ci CH; . H3C 


6-Methylheptan-3-yl chloride 2,2-Dimethylpentan-3-yl bromide 3,3-Dimethylcyclopentan-t-yl alcohol 


4.27 Primary alcohols are alcohols in which the hydroxyl group is attached to a carbon atom that has one alkyl 
substituent and two hydrogens. Four primary alcohols have the molecular formula C5H)2O. The functional 


class name for each compound is given in parentheses. 


CH4CH;CH;CH;CH;OH CH4CH;CHCH;OH 
a CH, 
4 1-Pentanol 2-Methyl-1-butanol 
(pentyl alcohol) (2-methylbutyl alcohol) 
ү 
.CH,CHCH;CH;0H.  CHCCH;OH 
4 сњ " CH, 
3-Methyl-1-butanol 2,2-Dimethyl-1-propanol 
(3-methylbutyl alcohol) (2,2-dimethylpropyl alcohol) 


Secondary alcohols are alcohols in which tbe hydroxyl group is attached to a carbon atom that has two alkyl 
substituents and one bydrogen. There are three secondary alcobols of molecular formula C5Hj20 : 


OH 
A | 
// CHCHCH;CH;CHs CH;CH;CHCH;CHs CH3CHCHCH; 
OH » ОН / H 
2-Pentanol 3-Pentanol 3-Methyl-2-butanol 
(1-methylbutyl alcohol) (1-ethyipropyl alcohol) (1,2-dimethylpropy! alcohol) 


Only 2-methyl-2-butanol is a tertiary alcohol (three alkyl substituents on the bydroxyl-bearing carbon): 
ou 
CH EMEN 
CH, 


2-Methyl-2-butano! 
(i, I-dimethylpropyl alcohol) 
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4.28 The first methylcyclohexanol to be considered is 1-methylcyclohexanol. The preferred chair conformation 
will have the larger methyl group in an eqnatorial orientation, whereas the smaller hydroxyl group will be 
axial. 

OH 


£m 


Most stable conformation of 
1-methylcyciohexanol 


In the other isomers, methyl and hydroxyl will be in a 1,2, 1,3, or 1,4 relationship and can be cis or trans in 
each. We can write the preferred conformation by recognizing that the methyl group will always be equatorial 
and the hydroxyl either equatorial or axial. 


OH OH OH 
ИГ LE ЕВ АА 


НзС 
trans-2-Methylcyclohexanol cis-3-Methylcyclohexanol trans-4-Methylcyclohexanol 
OH OH OH 
a = Я 
НзС 
cis-2-Methylcyclohexanol trans-3-Methylcyclohexanol cis-4-Methylcyclohexanol 


4.29 The assumption is incorrect for the 3-methylcyclohexanols. cis-3-Methylcyclohexanol is more stable than 
trans-3-methylcyclohexanol because the methyl group and the hydroxyl group are both equatorial in the cis 
isomer, whereas one substituent must be axial in the trans. 


OH 
Lm 
CH3 СНз 
cis-3-Methylcyclohexanol more trans-3-Methylcyclohexanol less 
stable; smaller heat of combustion stable; farger heat of combustion 


4.30 (a) The most stable conformation will be the one with all the substituents equatorial. 


CH(CH3)2 


The hydroxyl group is trans to the isopropyl group and cis to the methyl group. 


(b) АП three substituents need not always be equatorial; instead, one or two of them may be axial. Because 
neomenthol is the second most stable stereoisomer, we choose the structure with one axial substituent. 
Furthermore, we choose the structure with the smallest substituent (the hydroxyl group) as the axial one. 
Neomenthol is shown as follows: 


OH 


TT emer, 
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4.31 The oxygen and two of the carbons of C3HsClO are part of the structural unit that characterizes epoxides. 
The problem specifies that a methyl group (СНз) is not present; therefore, add the remaining carbon and the 
chlorine as a — СНС unit, and fill in the remaining bonds with hydrogens. 


im 
H—-C-C-CH;CI 
\/ 


Epichlorohydrin 


4.32 (a) Ibuprofen is (b) Mandelonitrile is 


сњ он 
сњуснањ—( engon == 


4.33 Isoamy] acetate is 


CH; 
| NE || | 
RCOR' (ester) whichis СЊСОСЊСЕЊЕСНСНз 


Methyl — 3.Methylbutyl 


4.34 Thiols are characterized by the — SH group. n-Butyl mercaptan is CH 43CH? CH2 CH 28H. 


4.35 о-Атіпо acids have the general formula 


il 
RCHCO^ 
* NH; 


The individual amino acids in the problem have the structures shown: 


О 
|| || 
CH3CHCO™ | калеа а 
*NH3 *NH3 
(a) Alanine (b) Valine 


(c,d) An isobutyl group is (CH4);CHCH;- , and a sec-butyl group is Pu a 


The structures of leucine and isoleucine are 


О CH, O 
il A 
(CH); CHCH;CHCO- CH;CH;CHCHCO 
*NHs "NH; 


Leucine Isoleucine 


102 CHAPTER 4: Alcohols and Alkyl Halides 


(e-g) Тһе functional groups that characterize alcohols, thiols, aud carboxylic acids are -~OH, — SH, 
and ~~CO 2H, respectively. The structures of serine, cysteine, and aspartic acid are 


| i o i i 
HOCH;CHCO- HSCH,CHCO HOCCH;CHCO 


*NH; *NH, * NH; 
Serine Cysteine Aspartic acid 


4.36 The functional groups to which the four oxygens belong are classified as 


Primary alcohol 


Ketone Secondary alcohol 


4.37 One nitrogen helongs to a tertiary amine function; the other is an amide nitrogen. 


CH; Tertiary amine: N is attached 
/ to three alkyl groups 


| 
NHCCH;N(CH;CH3); 


| Amide: N is attached to C=O 
CH; 


4.38 Uscharidin has the structure shown. 
(a) There are two alcohol groups, one aldehyde group, one ketone group, and one ester functionality. 
(b) | Uscharidin contains ten methylene groups (СН). They are indicated in the structure by small squares. 


(c) The primary carbons in uscharidin are the carbons of the two methyl groups. 


О 
Ester group 
~ 


Aldehyde 
group 
Alcohol group \ 


о | 
Ketone group— || OH Н 
О д 
НС O О: = 
} н H H Alcohol group 
Primary carbon 
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4.39 This problem illustrates the reactions of a primary alcohol with the reagents described in the chapter. 
(a) CH;CH,CH,CH30H + NaNH; == CH4CH;CH;CH507 Na* + МН; 


Sodium butoxide 


HBr 
— 


(b  CH3CH5CH;CH;OH t 


CH34CH;CH;CH3Br 


1-Bromobutane 


NaBr, H2504 
— ен 


heat 


(c) CH4CH4CH;CH;0H CHa3CH;CH4CH3Br 


1-Bromobutane 


(d) CH4CH,CH,CH,0OH > CH,CH,CH;CHjBr 


1-Bromobutane 


SOCI. 
(e) CH3CH;CH;CH50H —— CH3CH;CH5CH;CI 


1-Chlorobutane 


4.40 (a) This reaction was used to convert the primary alcohol to the corresponding bromide in 6046 yield. 


PBr 
{ У—сыңон — {асы 
pyridine 


(b)  Thionyl chloride treatment of this secondary alcohol gave the chloro derivative in 59% yield. 


А CH; 6 CH3 о 
| 
COCH;CH; SOCI, COCH;CH; 
pyridine 
OH Cl 


(c) The starting material is a tertiary alcohol and reacted readily with hydrogen chloride to form the 
corresponding chloride in 67% yield. 


Br Br 
CH; CH, 
| НСІ | 
gen ecl 
CH, 


(d)....Both.primary alcohol functional groups. меге converted to. primary. bromides; the yield was 88%, 


CH;CH;OH CH;CH;Br 
HBr 
ДУ heat Ed 
HOCH;CH; BrCH;CH 


2 
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(e) This molecule is called adamantane, It has six equivalent CH, groups and four equivalent CH groups. 


Bromination is selective for tertiary hydrogens, so a hydrogen of one of the CH groups is replaced. The 
product shown was isolated in 76% yield. 


Brg, light 
100°C Br 


Ci pHisBr 


4.41 The order of reactivity of alcohols with hydrogen halides is tertiary > secondary > primary. 


ROH + HBr — RBr + H,O 


Reactivity of alcohols with hydrogen bromide: 


Part More reactive Less reactive 
(a) СР НЕНЕН; CH3CH;CH;CH;0H 
OH 
2-Butanol: 1-Butanol: 
secondary primary 
(b) CHSCHCEZCHS CH;CH;CHCH;0H 
OH СН» 
2-Butanol: 2-Methyl-1-butanol: 
secondary primacy 
(c) (CH3;CCH;CHs ЄН НЕНЕН» 
OH OH 
мыо Я 2-Butanok 
и аы, secondary 
(d ) санета CH CHEE CHS 
OH CH, 
2-Butanol 2-Methylbutane: 
not an alcohol; does 
not react with HBr 
(е) Н.С ОН H, ОН 
1-Methylcyclopentanol Cyclohexanol: 
tertiary secondary 
(f) Н.С OH H, OH 
~ Н 
CH; 


1-Methylcyciopentanol 
tertiary 


trans-2-Methylcyclopentanol: 
secondary 
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CHCH. OH 
(g) 3CH2 CHCH; 


OH 
]-Ethylcyclopentanol 1-Cyclopentylethanol: 
tertiary sccondary 


4.42 The unimolecular step in the reaction of 2-methyl-2-butanol with hydrogen chloride to give 2-chloro-2- 
methylbutane is the dissociation of the alkyloxonium ion to a carbocation. 


+ee 
ce : К. 
CC ECES CH CEEE + :0: 
CH; CH; H 
1,1-Dimethy]propy]- 1,1-Dimethylpropyt Water 
oxonium ion cation 


4.43 The nucleophile that attacks the oxonium ion in the reaction of 1-hexanol with hydrogen bromide is bromide 
ion. 


. ec i 
‘Bre + СНАСЊ)СН zu О: СН+(СН4СНу—Вг; + : о: 
Bromide ion Hexyloxonium ion 1-Bromohexane Water 


4.44 Methanol cannot react by the $41 mechanism because СН is far too unstable to be an intermediate in a 
chemical reaction. The mechanism is 542. The first step is proton transfer from HBr to methanol. In the 
second step, bromide acts as a nucleophile to displace water from methyloxonium ion. 


HC Н.С 
и [% fast А T 


Step 1: :0: + Н—Вг === (OH + :Вг: 
Н Н 
Methanol Hydrogen bromide Methyloxonium ion Bromide ion 
=== C 
AND 3 V slow ae EX 
Step 2: Bri + :Q—H Вг CH; + :0—H 
ee / + РЕ / 
H H 
Bromide ton Methyloxonium ion Methyl bromide Water 


4.45 (a) Both the methyl group and the hydroxyl group are equatorial in the most stable conformation of trans- 


4-methylcyclohexanol. 
ly m 


trans-A-Methylcyclohexanol 
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(b) 


4.46 (a) 


(b) 


(c) 
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The positively charged carbon in the carbocation intermediate is sp?-hybridized with a planar 
arrangement of bonds. 


H 
+ 
HC. 
Carbocation intermediate 
For the propagation step: 


CH, + Be —— Ста + НВ: 


Energy required to break C—-H bond of methane: 439 kJ/mol = 105 kcal/mol 
Energy given off when H—Br bond forms: 366 kJ/mol = 87.5 kcal/mol 


Net energy change for equation: AH? = (439-366) kJ = +73 kJ (417.4 kcal) 


б" ee 5° 


Transition state 


Products 


*CH; + H—Br: 


76 kJ/mol 
(18.3 kcal/mol) 


73 kJ/mol 
(17.4 kcal/mol) 


Potential energy 


Reactants 


CH4 + “Br? 


Reaction coordinate —— 


This reaction step is endothermic; the transition state lies closer to the products than to the reactants. 
The structure of the transition state more closely resembles the products than the reactants. 
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4.47 


4.48 


4.49 


Recall that bond dissociation enthalpy is the value of АН” for homolysis of a specific covalent bond in a 
molecule. For the two different kinds of hydrogens in propane, the relevant equations are 


CH3CH2CH3 CH4CH3CH; + +H АН = + 423 kJ/mol (101 kcal/mol) 
Propane n-Propyl radical Hydrogen atom 

CH3CH2CH3 (CHy)CH + н АР? = + 413 kJ/mol (99 kcal/mol) 
Propane Isopropyl radical Hydrogen atom 


The reactant (propane) and one of the products (hydrogen atom) are the same in both equations; therefore, the 
energy difference between them corresponds to the energy difference between n-propyl and isopropyl radical. 
Isopropyl radical is 10 kJ/mol (2 kcal/mol) more stable than n-propyl radical. 


The situation is different for the case of n-propyl versus isopropyl chloride. 


CH;CH;CH;CI: сњењењ + -CE AH? = + 354 kJ/mol (85 kcal/mol) 
n-Propyl chloride n-Propyl radical Chlorine atom 

(CH CHCIH: (CH CH + CE AH? = + 355 kJ/mol (81 kcal/mol) 
Isopropyl chloride Isopropyl radical Chlorine atom 


Here, only the chlorine atom is common to both equations. The two radicals are different and the two alkyl 
halides are different. Therefore, it is not possible to assign all of the difference in energy to the two radicals. 
The alkyl halides may be, and likely are, different in energy as well. 


In the statement of the problem, you are told that the starting material is 2,2-dimethylpropane; that the 
reaction is fluorination, meaning that Ро is a reactant; and that the product is (CF3)4C. You need to complete 
the equation by realizing that HF is also formed in the fluorination of alkanes. The balanced equation is 
therefore 


(CH34C + 125; (СРС + 12HF 


The reaction is free-radical chlorination, and substitution occurs at all possihle positions that bear a 
replaceable hydrogen. Write the structure of the starting material, and identify the nonequivalent hydrogens. 


a: 
Ci-c-C-CH, 
FH 


1,2-Dichloro-1,1-difluoropropane 
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The problem states that one of the products is 1,2,3-trichloro-1,1-difluoropropane. This compound arises by 
substitution of one of the methyl hydrogens by chlorine. We are told that the other product is an isomer of 
1,2,3-trichloro-1,1-difluoropropane; therefore, it must he formed by replacement of the hydrogen at C-2. 


ro т 
ео I e m | 
ЕН F Cl 
1,2,3- Trichloro-1,1-difluoropropane 1,2,2-Trichloro-1,1-difluoroptopane 


4.50 (a) Heptane has five methylene groups, which on chlorination together contrihute 85% of the total 
monochlorinated product. 


CH3(CH2);CH3 


СНз(СН2)5 СН2СЕ + (2-chloro + 3-chloro + 4-chloro) 
Heptane 15% 85% 


Because the problem specifies that attack at each methylene group is equally probable, the five 
methylene groups each give rise to 85/5, or 17%, of the monochloride product. 


Because C-2 and C-6 of heptane are equivalent, we calculate that 2-chloroheptane will constitute 
34% of the monochloride fraction, Similarly, C-3 and C-5 are equivalent, and so there should be 34% 
3-chloroheptane. The remainder, 17%, is 4-chloroheptane. 

These predictions are very close to the observed proportions. 


Calculated % Observed % 
2-Chloro 34 35 
3-Chioro 34 34 
4-Chloro 17 16 


(b) There аге a total of 20 methylene hydrogens in dodecane, CH4(CH;),4CH4. The 19% 2-chloro- 


dodecane that is formed arises by substitution of any of the four equivalent methylene hydrogens at C-2 
and C-11. The total amount of substitution of methylene hydrogens must therefore be 


= x 19% = 95% 


The remaining 5% corresponds to substitution of methyl hydrogens at C-1 and C-12. The proportion of 
1-chlorododecane in the monochloride fraction is 596. 


4.51 (a) Two ofthe monochlorides derived from chlorination of 2,2,4-trimethylpentane are primary chlorides: 


CHs C Ha 
CICH;CCH;CHCH; CH;CCH;CHCH;CI 
CH, CH; CH; СНз 


]-Chloro-2,2,4-trimethylpentane 1-Chloro-2,4,4-trimethylpentane 
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The two remaining isomers are a secondary chloride and a tertiary chloride: 


CH; CH; Cl 
CH,C—CHCHCH; CH4CCH;CCH; 
CH; CI CH; CH, CH; 
3-Chloro-2,2,4-trimethylpentane 2-Chloro-2,4,4-trimethylpentane 


(b) Substitution of any one of the nine hydrogens designated as x in the structural diagram yields 1-chloro- 
2,2,4-trimethylpentane. Substitution of any one of the six hydrogens designated as y gives 1-chloro- 
2,4,4-trimethylpentane. 


с; 
CH,CCH;CHCH; 
CH; CH; 

x У 


Assuming equal reactivity of a single x hydrogen and a single y hydrogen, the ratio of the two isomers is 
then expected to be 9:6. Because together the two primary chlorides total 65% of the monochloride 
fraction, there will be 39% 1-chloro-2,2,4-trimethylpentane (substitution of x) and 26% 1-chloro-2,4,4- 
trimethylpentane (substitution of y). 


4.52 The three monochlorides are shown in the equation 


а : 
CH,CH;CH;CH;CHs gq — CH3CH;CH;CH;CH;Cb + CH;CHCH;CH;CHs + CH;CH;CHCH;CH; 
Cl CI 
Pentane 1-Chloropentane 2-Chloropentane 3-Chloropentane 


Pentane has six primary hydrogens (two CH, groups) and six secondary hydrogens (three CH, groups). 


Because a single secondary hydrogen is abstracted three times faster than a single primary hydrogen and there 
are equal numbers of secondary and primary hydrogens, the product mixture should contain three times as 
much of the secondary chloride isomers as the primary chloride. The primary chloride 1-chloropentane, 
therefore, is expected to constitute 25% of the product mixture. The secondary chlorides 2-chloropentane and 
3-chloropentane are not formed in equal amounts. Rather, 2-chloropentane may be formed by replacement of 
a hydrogen at C-2 or at C-4, whereas 3-chloropentane is formed only when a C-3 hydrogen is replaced. The 
amount of 2-chloropentane is therefore 50%, and that of 3-chloropentane is 25%. We predict the major 
product to be 2-chloropentane, and the predicted proportion of 50% corresponds closely to the observed 46%. 


4.53 The equation for the reaction is 


H H 
[> + Ch ~ №4 + HCI 
H Cl 
777Сусіоргорапс Стоппе Cyclopropyl chloride Hydrogen chloride-— 


The reaction begins with the initiation step in which a chlorine molecule dissociates to two chlorine atoms. 


| 


S RE ——— Cle + eci; 


Chlorine Two chlorine atoms 
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A chlorine atom abstracts a hydrogen atom from cyclopropane in the first propagation step. 
C a pan e >E 
PS + а: D + на: 
Н ee 


Cyclopropane Chlorine atom Cyclopropyl radical Hydrogen chloride 


Cyclopropyl radical reacts with Cl, in the next propagation step. 


DG Mahe == D. fo 


Cyclopropyl radical Chlorine Cyclopropyl chloride Chlorine atom 


4.54 (a)  Acid-catalyzed hydrogen-deuterium exchange takes place by a pair of Brénsted acid-base reactions. 


R—O: + DEG RO + :% 
\ A \ \ 
H D H D 


P D p P 
во. + < R—-O: + HO: 


(b) Base-catalyzed hydrogen-deuterium exchange occurs by a different pair of Brensted acid—base 


equilibria, 
D D 
ROS + 10: R-O: + H-O! 
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ANSWERS TO INTERPRETIVE PROBLEMS 


4.55 C; 4.56 D; 4.57 A; 4.58 A; 4.59 C; 4.60 A; 4.61 A; 4.62 B 


SELF-TEST 


1. The compound shown is an example of the broad class of organic compounds known as steroids. What 
functional groups does the molecule contain? 


O, OCH; 
HC | oH 


НС 


(0) 
2. Give the correct substitutive IUPAC name for each of the following compounds: 
CH; 
CRON 
(a) (b) CHaCH:CHCHCHCH; 
с CH;CH; 


3. Draw the structures of the following substances: 
(a) 2-Chloro-1-iodo-2-methylheptane 
(b)  cis-3-Isopropylcyclohexanol 


4. Give both a functional class and a substitutive TUPAC name for each of the following compounds: 


OH CI 
ЖЕ (b) 


5. Supply the missing component for each of the following reactions: 


(à) CH;CH,CH,OH 908. э 
iG 
(Бу opoe CH3CH3C(CH3y; 


6. (а) How many different free radicals can be produced in the reaction between chlorine atoms and 
2,4-dimethylpentane? 


(b) Write their structures. 


(c) Which is the most stable? Which is the least stable? 
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10. 


11. 
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Write a balanced chemical equation for the reaction of chlorine with the pentane isomer that gives only one 
product on monochlorination. 


Write the propagation steps for the light-initiated reaction of bromine with methylcyclohexane. 


Using the data in text Table 4.3, calculate the heat of reaction (AH?) for the light-initiated reaction of 
bromine (Br?) with 2-methylpropane to give 2-bromo-2-methylpropane and hydrogen bromide. 


(a) Write out each of the elementary steps in the reaction of tert-butyl alcohol with hydrogen bromide. 
Use curved arrows to show electron movement in each step. 


(b) Draw the structure of the transition state representing the unimolecular dissociation of the alkyloxonium 
ion in the preceding reaction. 


(c) How does the mechanism of the reaction between 1-butanoi and hydrogen bromide differ from the 
reaction in part (a)? 


(Choose the correct response for each part.) Which species or compound 
(a)  Reacts faster with sodium bromide and sulfuric acid? 
2-methyl-3-pentanol or 3-methy!-3-pentanol 
(b) Reacts more vigorously with cyclohexane? 
fluorine or iodine 
(c) Has an odd number of electrons? 


ethoxide ion or ethyl radical 


(d) Undergoes bond cleavage in the initiation step in the reaction by which methane is converted to 
chloromethane? 


СНА or Cl 


CHAPTER 5 


Structure and Preparation of Alkenes: 
Elimination Reactions 


SOLUTIONS TO TEXT PROBLEMS 


5.1 (b) Writing the structure in more detail, we see that the longest continuous chain contains four carbon 
atoms. 
СН; 
4 3) 2 i 
ОНО 
CH; 


The double bond is located at the end of the chain, and so we name the alkene as a derivative of 
l-butene. Two methyl groups are substituents at C-3. The IUPAC name is 3,3-dimethyl-1-butene 


or 3,3-dimetbylbut-1-ene. 
(c) Expanding the structural formula reveals the molecule to be a methyl-substituted derivative 
of hexene. 
| 2 34 5 6 
Pats C ОНО 
CH3 
2-Methyl-2-hexene 


Or 
2-Methylhex-2-ene 
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(d) In compounds containing a double bond and a halogen, the double bond takes precedence 
in numbering the longest carbon chain. 


1 2 3 4 5 
НЕНЕН CHENG 
Cl 


4-Chioro-i-pentene 
or 
4-Chloropent-1-ene 


(e) When а hydroxyl group is present in a compound containing a double bond, the hydroxyl 
takes precedence over the double bond in numbering the longest carbon chain. 


5 4 3 2 1 
H,C- CHCH;CHCH; 
OH 


4-Penten-2-ol 
or 
Pent-4-en-2-ol 


5.2 There are three sets of nonequivalent positions on a cyclopentene ring, identified as a, b, and c 
on the cyclopentene structure shown: 


Thus, there are three different monochloro-substituted derivatives of cyclopentene. The carbons that 
bear the double bond are numbered C-1 and C-2 in each isomer, and the other positions are numbered 
in sequence in the direction that gives the chlorine-bearing carbon its lower number. 


CI 
Ch 23 3 5 
2 1 
lo» 4 [re 
2 1 2 
3 5 
1-Chlorocyclopentene 3-Chlorocyclopentene 4-Chlorocyclopentene 


5.3 In order to use the AH? values in the equations 


H,C=CH, 2 CH; АН” = +730 kJ/mol (179 kcal/mol) 
Ethylene Methylene 
H4C—CH; 2 СНз АН" = +375 kJ/mol (90 kcal/mol) 
Ethane 


to calculate the strength of the x bond in ethylene, one needs to assume that the strength of the o 


component of C=C in ethylene is the same as the C—C о bond strength in ethane. This is not necessarily 
true. 
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5.4 


5.5 


5.6 


5.7 


5.8 


(b) The alkene is a derivative of 3-hexene regardless of whether the chain is numbered from left to 
right or from right to left. Number it in the direction that gives the lower number to the substituent. 


РЕЧИ 
277 


4 2 
3-Ethyl-3-hexene 


(c) There are only two sp?-hybridized carbons, the two connected by the double bond. The other six 
carbons are sp?-hybridized. 


(d) There are three sp?—sp? с bonds and three spJ—sp? с bonds. 


Consider first the С5 Нуо alkenes that have an unbranched carbon chain: 


GU JE о. 


1-Pentene cis-2-Pentene trans-2-Pentene 


There are three additional isomers. These have a four-carbon chain with a methyl substituent. 


A- dA 4 


2-Methyl-1-butene 2-Methyl-2-butene 3-Methyl-1-butene 


No. They are constitutional isomers. The double bond connects C-2 and C-3 in cís-2-hexene and 
C-3 and C-4 in trans-3-hexene. Stereoisomers have the same constitution but differ in the arrangement 


of atoms in space. 
T OMM 


cis-2-Hexene trans-3-Hexene 


First, identify the constitution of 9-tricosene. Referring back to Table 2.2 in Section 2.11 of the text, 
we see that tricosane is the unhranched alkane containing 23 carbon atoms. 9-Tricosene, therefore, 
contains an unbranched chain of 23 carbons with a double bond between C-9 and C-10. Because the 
problem specifies that the pheromone has the cis configuration, the first 8 carbons and the last 13 must 
be on the same side of the C-9-C-10 double bond. 


CH(CH). — — ,(CH2)CHs 
С=С 


4 N 


H H 


cis-9-Tricosene 


(b) One of the carbons of the double bond bears a methyl group and a hydrogen; methyl is of higher · 
rank than hydrogen. The other doubly bonded carbon bears the groups — СНОСЊЕ and 


— CH;CH;CH;CH;. At the first point of difference between these two, fluorine is of higher 
atomic numher than carbon, and so — CH;CH;F is of higher precedence. 
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Higher АС ,CH;CH?F Higher 
ese 
Lower H CH;CH;CH;CH,; Lower 


Higher ranked substituents are on the same side of the double bond; the alkene has the Z 
configuration. 


(c) One of the carbons of the double bond bears a methyl group and a hydrogen; as we have seen, 
methyl is of higher rank. The other doubly bonded carbon bears — CH;CH5O0H and — C(CH3). 


Let's analyze these two groups to determine their order of precedence. 


—CH4CH;OH —C(CH3 
—C(C.H,H) —C(C,C,C) 
Lower priority Higher priority 


We examine the atoms one by one at the point of attachment before proceeding down the chain. 
Therefore, — C(CH3), outranks —CH;CH;O0H. 


Higher HaC, ,/CH2CH20H Lower 
С=С, 
Lowet H C(CH3)3 Higher 


Higher ranked groups are on opposite sides; the configuration of the alkene is E. 


(d 


— 


The cyclopropyl ring is attached to the double bond by a carbon that bears the atoms (C,C,H) and 
is therefore of higher precedence than an ethyl group —C(C,H,H). 


Higher A „Я Lower 


с=с 
Lower CH3CH2 СН» Higher 


Higher ranked groups are on opposite sides; the configuration of the alkene is E. 


The name of the first compound in Table 5.1 is determined by first finding the longest carbon chain including 
the carbon-carbon double bond. When numbering, the double bond takes precedence over other alkyl 
groups and halogens. In the first example, however, this is not a factor because both halide substituents are 
on carbon-1 as shown. The lowest numbered carbon on the carbon-carbon double bond designates its 
position, so this is а 1-propene. The halogen substituents are listed alphabetically, each having a number for 
its position, so this is 1-bromo-1-chloro-1-propene. 


3 
Вг, | 2 KHs 
=C 
/ \ 
а H 


Bry 2 H 
C=C 3 
/ \ 
а CH3 


To complete the naming of the first compound, use the E and Z notation. Divide the carbon—carbon double 
bond in half as shown by the dashed line on the following compound. Tbe left side of the carbon-carbon 
double bond has bromine and chlorine atoms. The bromine is the higher priority because its atomic number 
is higber (35 versus 17). The right side of the carbon-carbon double bond has a methyl group and hydrogen 
atom. The carbon of the metbyl group is higher priority because it has a higher atomic number (6) than 
hydrogen (1). 
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СН; == Higher 


Lower —- C] H -—— Lower 

Keeping these higher and lower designations, divide the carbon-carbon double bond along the 
carbon-carbon bond as shown by the dashed line in the following compound. The two previously designated 
higher priority groups are on the same side, so this is tbe Z stereoisomer. Combining this designation with 
the rest of the name gives (Z)-1-bromo-1-chloro-1-propene. 


Higher — Br CH; ~— Higher 


Lower — С Н ~— Lower 


The second compound in Table 5.1 is solved by first finding the longest carbon chain including the 
carbon-carbon double bond. When numbering, the double bond takes precedence over other alky! groups 
and halogens. The lowest numbered carbon on the carbon-carbon double bond designates its position, so 
this is a 1-butene. The substituents are listed alphabetically, each having a number for its position, so this is 
1-bromo-1-chloro-2-methyl-1-butene. 


Bry 2 СНз 
Е 4 
с CH,CH; 


Next designate whether it is the E or Z stereoisomer. Divide the carbon-carbon double bond in half as 
designated by the dashed line on the following compound. The left side of the carbon-carbon double bond 
has bromine and chlorine atoms. The bromine is the higher priority because its atomic number is higher 
(35 versus 17). The right side of the carbon-carbon double bond has a methyl group and an ethyl group. 
You must look farther than the first atom attached to the carbon-carbon double bond because these are the 
same (both are carbons). The first point of difference moving down the bonds away from the double bond 
determines the priorities. The first carbon of the ethyl group has one carbon and two hydrogens attached 
[-C(C,H,H)] and the methyl's carbon has three hydrogens attached [-C(H,H,H)]. The carbon (shown in 
bold) has a higher atomic uumber than hydrogen (shown in bold), so the ethyl group has a higher priority. 


/ 
Lower — С] CH ,CH3 ~—— Higher 


[-COLH.H) 
Higher — Бр | CH; -—— Lower 
rot 
CHC 
EN 
' 


БОСНЕ) 


Keeping these higher and lower designations, divide the carbon-carbon double bond along the 
carbon-carbon bond as shown by the dashed line in the following compound. The two previously designated 
higher priority groups are on opposite sides, so this is the E stereoisomer. Combining this with the rest of the 
name gives (E)-1-bromo-1-chloro-2-methyl-1-butene. 


Lower — Cl CH2CH3 +— Higher 
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The third compound in Table 5.1 is solved by first finding the longest carbon chain including the 
carbon-carbon double bond and the hydroxy functional groups. In naming, the hydroxy substituent is 
different than halogens in that it takes precedence over the carbon-carbon double bond in the numbering of 
the chain. When a hydroxy group is present, it takes the usual —o/ ending (suffix) in the parent пате, so this 
is a 3-buten-1-ol. Each halogen and carbon substituent can then be added alphabetically with a number 
designating where it resides on the chain. So this is a 4-bromo-4-chloro-3-isopropyl-3-buten-1-ol. 


ae 37 CH,CH,0H 
с=с. 


/ 
Cl THC) 


Next designate whether it is the E or Z stereoisomer. Divide the carbon-carbon double bond in half as 
designated by the dashed line on the following compound. The left side of the carbon-carbon double bond 
has bromine and chlorine atoms. The bromine is the higher priority because its atomic number is higher 

(35 versus 17). The right side of the carbon-carbon double bond has a hydroxyethyl group and an isopropyl 
group. You must look farther than the first atom attached to the carbon-carbon double bond because these 
are the same (both are carbons). The first point of difference moving away from the double bond determines 
tbe priorities. The first carbon of the hydroxyethyl group has one carbon and two hydrogens attached 
[-C(C,H,H)] and the isopropyl’s carbon has two carbon and one hydrogen atom attached [-C(C,C,H)]. 

The carbon (shown in bold) has a higber atomic number tban hydrogen (shown in bold), so the isopropyl 
group has a higher priority. 


[-С(С, Н, Hj] 

Higher ——= Br ! CH)CH,OH =— Lower 
C=C 
ах 

| CH(CH3) ~— Higher 


Lower — Cl 
РСС, С, H)] 
Keeping these higher and lower designations, divide the carbon-carbon doubie bond along the carbon-carbon 
bond as shown by the dashed line in the following compound. The two previously designated higher priority 


groups are on opposite sides, so this is the E stereoisomer. Combining this with the rest of the name gives (Е)-4- 
bromo-4-chloro-3-isopropyl-3-buten- 1 -ol. 


Higher ——+ Br {CH2CH20H -—— Lower 


/ 
Lower —>» С] CH(CH3)2 -—— Higher 


5.10 The dipole moments of (£)-2,3-dichloro-2-butene cancel; the molecule is nonpolar. The dipole 


moments of trans-1-chloropropene are additive, as are the dipole moments of 1,1-dichloro-2-methylpropene. 
The latter compound has twice as many dipoles and is the most polar. 


HC му T^ cl НС T HC ‘A L а 
а AC си, ~ 4 Н.С Ps NS 


(E)-2,3-Dichloro-2-butene; (E)-1-Chloropropene 1,1-Dichloro-2-methylpropene; 
least polar ' most polar 
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5.15 
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A trisubstituted alkene has three carbons directly attached to the doubly bonded carbons. There are 
three trisubstituted СН | isomers, two of which are stereoisomers. 


HC, CHCH; НС, „CH3 HC, — ,CH;CH, 
С=С. ‚С=с с=с, 
HC H H CH)CH; H CH; 
2-Methyl-2-pentene (E)-3-Methyl-2-pentene (Z)-3-Methyl-2-pentene 


The most stable СЕН ү alkene has a tetrasubstituted double bond: 


НС ‘CH; 


2,3-Dimethy]-2-butene 


Apply the two general rules for alkene stability to rank these compounds. First, more highly substituted 
double bonds are more stable than less substituted ones. Second, when two double bonds are similarly 
constituted, the trans stereoisomer is more stable than the cis. The predicted order of decreasing 
stability is therefore 


HIC, СН» нс, н HC, Сн; н, /CH;CH;CHs 
с=с. po ед с=с, с=с 

H3C H H CH;CH3 H H H H 

2-Methyl-2-butene (E)-2-Pentene (Z)-2-Pentene ]-Pentene 
(trisubstituted): (disubstituted) (disubstituted) (monosubstituted): 
most stable least stable 


Begin by writing the structural formula corresponding to the IUPAC name given in the problem. 
A bond-line depiction is useful here. 


3,4-Di-tert-butyl-2,2,5,5-tetrameth yl-3-hexene 


The alkene is extremely crowded and destabilized by van der Waals strain. Bulky tert-butyl groups 
are cis to one another on each side of the double bond. Highly strained compounds are often quite 
difficult to synthesize, and this alkene is a good example. 


Use the zigzag arrangement of bonds in the parent skeleton figure to place E and Z bonds as appropriate for 
each part of the problem. From the sample solution to parts (a) and (5), the ring carbons have the higher 


priorities. Thus, an E double bond will have ring carbons arranged and a Z double bond \ У 
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„Н | 
(с) (е) 
?^H 
(Z)-3-Methylcyclodecene (Z)-5-Methylcyclodecene 
H 
2 
1 3 
(d) (f) 
3 4 
1 
н CH CH; 
(£)-3-Methylcyclodecene (£)-5-Methylcyclodecene 


5.16 Write out the structure of the alcohol, recognizing that the alkene is formed by loss of a hydrogen 
and a hydroxyl group from adjacent carbons. 


(b, c) Both 1-propanol and 2-propanol give propene on acid-catalyzed dehydration. 


В a H Ht B a p 
CH4CH;CH;OH SES CH;CH=CH; "um. CH,CHCHs. 
OH 
1-Ргорапо] Ргорепе 2-Propanol 


(d) Carbon-3 has no hydrogens in 2,3,3-trimethyl-2-butanol. Elimination can involve only the 
hydroxyl group at C-2 and a hydrogen at C-1. 


No hydrogens on this B carbon 


B 
А ГЫ; (tia CH; CH; 
a B * 
MAD ER d fist ее. 
2,3,3-Trimethyl-2-butanol 2,3,3- Trimethyl- i -butene 


5.17 (b) Elimination can involve loss of a hydrogen from the methyl group or from C-2 of the ring in 
1-methylcyclohexanol. 


-H;0 
С + 
1-Methylcyclohexanol Methylenecyclohexane 1-Methylcyclohexene 
(a disubstituted alkene; (a trisubstituted alkene; 
minor product) major product) 


According to the Zaitsev rule, the major alkene is the one corresponding to loss of a hydrogen from 
the alkyl group that has the smaller number of hydrogens. Thus, hydrogen is removed from the 
methylene group in the ring rather than from the methyl group, and 1-methylcyclohexene is formed 
in greater amounts than methylenecyclohexane. 


(c) The two alkenes formed are as shown in the equation. 
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OH 
H,0 
а. + 
Н H 
Compound has a Compound has a 
trisubstituted tetrasubstituted 
double bond. double bond; 


more stable. 
The more highly substituted alkene is formed in greater amounts, as predicted by Zaitsev's rule. 


5.18  2-Pentanol can undergo dehydration in two different directions, giving either 1-pentene or 2-pentene. 
2-Pentene is formed as a mixture of the cis and trans stereoisomers. 


T НЗС, ИССН H3C, ‚Н 
CH4CHCH;CH;CH; um H;C-CHCH;CH;CH, + С=С, + С=с. 
ba H H H CH;CH; 
2-Pentanol i -Pentene cis-2-Pentene trans-2-Pentene 


5,19 (b) The site of positive charge in the carbocation is the carbon atom that bears the hydroxyl group in 
the starting alcohol. 


HC, OH CH3 
Ht 


1-Methyicyclohexanol 


Water may remove a proton from the methyl group, as shown in the following equation: 


НОУ HX CH; CH; 


ом + 


Methylenecyclohexane 
Loss of a proton from the ring gives the major product 1-methylcyclohexene. 
sx, СЗ CH; 
H20; H E H 
H 


ом + 


i-Methylcyclohexene 


(c) Loss of the hydroxyl group under conditions of acid catalysis yields a tertiary carbocation, 


OH 
+ 
H5804 
A -H20 4 
H H 
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Water may remove a proton from an adjacent methylene group to give a trisubstituted alkene. 
HO: H H H 
+ 
—————— + H30* 


H H 


Removal of the methine proton gives a tetrasubstituted alkene. 


+ 
Н :0H, 


we oe 


5.20 In writing mechanisms for acid-catalyzed dehydration of alcohols, begin with formation of the 
carbocation intermediate: 


CH; CH; 
CH; Ht СНз 
H -H;0 
H 
OH 
2,2-Dimethylcyclohexanol 22-Dimethylcyclohexyl cation 


This secondary carbocation can rearrange to a more stable tertiary carbocation by a methyl group shift. 


CH; CH, 
CH; 
2 E 
CH; 
H 
2,2-Dimethylcyclohexyl cation 1,2-Dimethylcyclohexyl cation 
(secondary) (tertiary) 


Loss of a proton from the 1,2-dimethylcyciohexyl cation intermediate yields 1,2-dimethylcyclohexene. 


CH; CH; 
a) ат + HOt 
Ce СХ i 
CH; 


CH; 


1,2-Dimethylcyclohexyl 1,2-Dimethylcyclohexene 
cation 


521 Anunshared electron pair of the base water abstracts a proton from carbon to give a hydronium ion. 
Simultaneously, the pair of electrons in this C-H bond becomes the n-bond component of the double bond of 
the alkene, and the pair of electrons in the C-OH,* bond becomes an unshared electron pair on the newly 
formed water molecule. 


H H 
: O-H : о-н 
CHCB,.. /Э E2 CH,CH,. T 
CH4-CH, CH=CH, 
Je 
H H 
| мен 
Hs J he 
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5.22 (b) АП the hydrogens of tert-butyl chloride are equivalent. Loss of any of these hydrogens along with 
the chlorine yields 2-methylpropene as the only alkene. 


8 НЗС 
CH.CC| ——~ ‘C=CH, 
tert-Butyl chtoride 2-Methylpropene 


(c) All the B hydrogens of 3-bromo-3-ethylpentane are equivalent. Therefore, B elimination can give 
only 3-ethyl-2-pentene. 


p 
(HCH; СЊСНЊ 
CH.CH;—C—Br = сњснес 
BCH CH; CHCH; 
3-Bromo-3-ethylpentane 3-Ethyl-2-pentene 


(d) There are two possible modes of D elimination from 2-bromo-3-methylhutane. Elimination in one 
direction provides 3-methyl-1-butene; elimination in the other gives 2-methyl-2-butene. 


p p 
ие. ——- H,C=CHCH(CH3)2 + СНЗСН=С(СНз) 
Br 


2-Bromo-3-methylbutane 3-Methyl-1-butene 2-Methyl-2-butene 
(monosubstituted) (trisubstituted) 


The major product is the more highly substituted alkene, 2-methyl-2-butene. It is the more stable 
alkene and corresponds to removal of a hydrogen from the carbon that has the fewer bydrogens. 


(e) Regioselectivity is not an issue here, because 3-methyl-1-butene is the only alkene that can be 
formed by В elimination from 1-hromo-3-methy butane. 
p 
BrCH;CH;2CH(CHa) ->  H;C—CHCH(CH3»5 
1-Вгото-3-те ћу Бигапе 3-Methyl- E-butene 


(f) Two alkenes may be formed here. The more highly substituted one is 1-methylcyclohexene, and 
this is predicted to be the major product in accordance with Zaitsev’s rule. 


p 
ње d CH, CH; 


~~ |-Todo-1-methyleyclohexane Methylenecyclohexane I-Methylcyclohexene 
(disubstituted) (trisubstituted; 
major product) 
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5.23 Elimination in 2-bromobutane can take place between C-1 and C-2 or between C-2 and C-3. Three 


alkenes are capable of being formed: 1-butene and the stereoisomers cis-2-butene and trans-2-butene. 


p В HC, Hs Н; C. ,H 
CH34CHCH;CH; = H,C=CHCH,CH, + С=с, + AT. 
| н н H CH; 
T 
2-Bromobutane 1-Butene cis-2-Butene trans-2-Butene 


As predicted by Zaitsev's rule, the most stable alkene predominates. The major product is 
trans-2-butene. 


5.24 (a) An unshared electron pair of the base methoxide (CHO  ) abstracts a proton from carbon. The pair of 


electrons in this C-H bond becomes the x component of the double hond of the alkene. The pair of 
electrons іп the C-Cl hond becomes an unshared electron pair of chloride ion. 


CHO 
п й 
H-C C-CH; —- снб-н + H,C-C(CHy, +: 
нс 


(b) Ап unshared electron pair of the base ethoxide abstracts a proton from carbon to give ethanol. 
Simultaneously, the pair of electrons in this С-Н bond becomes the t-bond component of the double 
bond of the alkene product, and the pair of electrons in the C~Br bond becomes an unshared electron 
pair of the newly formed bromide ion. Bromide is therefore the leaving group. 


Formation of 2-methyl-1-butene: 


:Вг: 3:3 
BGG CHC H;C-G CHCH; 2-Methy]-1-butene 
н С CH3 
..— "4 H 
CH3CH27 Q: CH3CH27,0; 
Formation of 2-methyl-2-butene: 
s : Br 
Вг 
ЕС“, СЕНЕН H3C7C—CHCH; 2-Methyl-2-butene 
ње = нс 


H 


5 : 


CH3CH?-0: снзсн:-0: 
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5.25 The most stable conformation of cis-4-tert-butylcyclohexy! bromide has the bromine substituent in an 


axial orientation. The hydrogen that is removed by tbe base is an axial proton at C-2. This hydrogen 
and the bromine are anti coplanar to each other in the most stable conformation. 


Ga 
(СНз)зС B 
н” Sp- 
5.26 These problems relate to isotope effects on (ће rate of elimination by the E2 mechanism. 


(b) As in part (a), the B C-H bond of (CH3)2CHCD Br breaks faster than the В C-D bond of 
(СНз) CDCH,Br. 


(c) As in parts (a) and (b), the alkyl halide that has H at the B carbon reacts faster than tbe one with D 
at its B carbon. 


Ср» СНз 
CD;CD;CCH)Br faster rate of E2 than CH;CH;CCH)Br 
H D 
Н at В carbon D at B carbon 


5.27 The rate-determining step in the E1 elimination of 2-bromo-2-methylbutane is ionization to form a 
carbocation. A proton is lost from the В carbon in the next step, which is fast. 


CH; ame CH; p CH; CH; 
CH4CCH;CH; | ——— C. = C * C 
ida slow Hic or Gb. € ЊЕ зењсњ ње“ “CHCH 


In the Ei mechanism shown, bydrogen is lost after the rate-determining step, so no isotope effect 
is expected. 


5.28 (a) 1-Heptene is H2C—CH(CH4)4CHs 
(b) 3-Ethyl-2-pentene is CH3CH— C(CH;CH3); 
CHCH), —|CH;CH;CH;CHs 


(c) сіѕ-3-Осќепе is C=C 
H H 


СКН ,H 
(d) trans-1,4-Dichloro-2-butene is С=С 


H “н, 


T HC, ,CHoCH2CHs 
(e) (Z)-3-Methyl-2-hexene is C=C 
H 


С /CH2CH2CH3 
(Г) (E)-3-Chloro-2-hexene is ЕС 
Н CI 
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(g) 1-Bromo-3-methylcyclohexene is Br 


НС 


(A) 1-Bromo-6-methyicyclohexene is Br 


CH; 
| 
(0) 4-Methyl-4-penten-2-ol is Cas ОС И 
OH 


(j) A vinyl group is — CH—CH;. Vinylcycloheptane is 


/ 


(k) An allyl group is —CH;CH--CH,. 1,1-Diallylcyclopropane is 
BN 


CH; 
| 
(0) Ап іѕоргорепуі substituent is —C=CH}. trans-1-Isopropenyl-3-methylcyclohexane is 


CH; CH; 


НС ог H3C L 1 


5.29 Alkenes with tetrasubstituted double bonds have four alkyl groups attached to the doubly bonded 
carbons. There is only one alkene of molecular formula C7H,, that has a tetrasuhstituted double bond. 


Acceptable TUPAC names are 2,3-dimethyl-2-pentene or 2,3-dimethylpent-2-ene. 


CH, 
С= C 
HC CH;CH; 
2,3-Dimethyl-2-pentene 
or 


2,3-Dimethylpent-2-ene 


5.30 (a) The longest chain that includes the double bond іп (СН: СНз) C— CHCH; contains five carbon 
atoms, and so the parent alkene is a pentene. The numbering scheme that gives the double bond the 


lowest number is 
B: 
H 


The compound is named 3-ethyl-2-pentene or 3-ethylpent-2-ene. 
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(b) 


~ 
су 
~ 


(d) 


(e) 


(f) 


(g) 


5.31 (a) 


Write out the structure in detail, and identify the longest continuous chain that includes the 
double bond. 


1 2 5 6 
CH;CHa, , , CH)CH, 
С=С, 
CH;CH; CHCH; 


The longest chain contains six carbon atoms, and the double bond is between C-3 and C-4. The 
compound is named as a derivative of 3-hexene. There are ethyl substituents at C-3 and C-4. 
Acceptable TUPAC names are 3,4-diethyl-3-hexene or 3,4-diethyłhex-3-ene. 


Write out the structure completely. 


а 


The longest carbon chain contains four carbons, Number the chain so as to give the lowest numbers 
to the doubly bonded carbons, and list the substituents in alphabetical order. This compound may be 
named 1,1-dichloro-3,3-dimethyl- 1 -butene or 1,1-dichloro-3,3-dimethylbut-1-ene. 


The longest chain bas five carbon atoms, the double bond is at C-1, and there are two methyl 
substituents. Acceptable IUPAC names are 4,4-dimethyl-1-pentene or 4,4-dimethylpent-1-ene. 


pe 


1 3 E 


We number this trimethylcyclobutene derivative so as to provide the lowest number 
for the substituent at the first point of difference, remembering also that the double bond 
is between C-1 and C-2. We therefore number 


Н.С. Н.С. 
4 3 3 4 
ње rather than „е 
| 2 2 1 
Н.С НС 


Acceptable IUPAC names аге 1,4,4-trimethylcyclobutene or 1,4,4-trimethylcyclobut-1-ene. 


The cyclohexane ring has a 1,2-cis arrangement of vinyl substituents. The compound is 
cis-1,2-divinylcyclohexane. 

H 

= >< 

T 

H 


Name this Compound as à derivative of cyclohexene. It may be named 1,2-divinylcyclohexene or 1,2- 


divinylcyclobex-1-cne. 
Uu 
22 


Go to the end of ће name, because this tells you how many carbon atoms are present in the longest 
chain. In the hydrocarbon name 2,6,10, 14-tetramethyl-2-pentadecene, the suffix “2-pentadecene” 
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(b) 
(c 


— 


5.32 (a) 


(b) 


(c) 


(d) 
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reveals that the longest continuous chain has 15 carbon atoms and that there is a double bond 
between C-2 and C-3. The rest of the name provides the information that there are four methyl 
groups and that they are located at C-2, C-6, C-10, and C-14. 


peur NS 


2,6,10,14-Tetramethyl-2-pentadecene 


An allyl group is HoC- CHCH;-—. Allyl isothiocyanate is therefore H»C=CHCH,N=C=S. 


Replacing the generalized abbreviation R by an isopropenyl group gives the structure of grandisol. 
НС 


\ 
носњсњ | | cw 
У СН? 


HC H 


The E configuration means that the higher priority groups are on opposite sides of the douhle bond. 


Lower 


Higher CH3CH2, ,H 


Lower н”  "CH,CH;CH,CH,CH,OH Higher 


(Е)-6-Мопеп-1-01 


Geraniol has two double bonds, but only one of them, the one between C-2 and C-3, is capable 
of stereochemical variation. Of the groups at C-2, CH5OH is of higher priority than H. At C-3, 


CH,CH, outranks CH}. Higher priority groups are on opposite sides of the double bond 
in the E isomer; hence, geraniol has the structure shown. 


(CH3),C= CHCH;CH», ,H 
=C 
HaC” “нон 
Geraniol 


Because nerol is a stereoisomer of geraniol, it has the same constitution and differs from 
geraniol only in having the Z configuration of the double bond. 


(CH3);C- CHCH2CH?, „Свон 
/С = C. 
H3C H 
Nerol 


Beginning at the C-6, C-7 double bond, we see that the propyl group is of higher priority than the 
methy! group at C-7. Because the C-6, C-7 double bond is E, the propyl group must be on the 
opposite side of the higher priority group at C-6, where the CH, fragment has a higher priority than 


hydrogen. We therefore write the stereochemistry of the C-6, C-7 double bond as 


0 9 8 
Higher CH3CH2CH2, 5 „Н Lower 
ET MAR у 
Lower НзС СН2— Higher 
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At C2, CH50H is of higher priority than Н; and at C-3, CH;CH?C—— is of higher priority than 
CH;CH,. The double-bond configuration at C-2 is Z. Therefore 
3 4 
Higher —CCH;CHa, " ‚СНОН Higher 
С=с, 
Lower CH3CH) H Lower 


Combining the two partial structures, we obtain for the full structure of the codling moth’s 
sex pheromone 


CH3CH;CH», ,H 
с=с, 
H3C CH;CH; /CH20H 
Х=с, 
CH3CH2 H 


The compound is (2Z,6£)-3-ethyl-7-methy]-2,6-decadien-1-ol. 
(e) The sex pheromone of the honeybee is (E)-9-oxo-2-decenoic acid, with the structure 
| 
Higher CH3C(CH24CH; Н Lower 


с=с, 
Lower H CO3H Higher 


(f) Looking first at the C-2, C-3 double bond of the cecropia moth's growth hormone 


CHCH, CHCH; CH; 
> СОСН 
HAC A Su ен» 
Q 
H H 


we find that its configuration is E, because the higher priority groups are on opposite sides 
of the double bond. 


1 
Lower HC, , ; ,CO2CH3 Higher 
$ 4 P 
Higher — CHCH% H Lower 


The configuration of the C-6, C-7 double bond is also E. 


Lower CH р CH;CH;— Higher 


| 0 98 ATS 
Higher — C— CH5CH; H Lower 
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5.33 The alkenes are listed as follows in order of decreasing heat of combustion: 


(e) 2,4,4-Trimethyl-2-pentene; 5293 kJ/mol (1264.9 kcal/mol). Highest heat of 
у, combustion because it is CgHy¢; all others аге C;H;4. 
(а) ш Т ns 1-Heptene; 4658 kJ/mol (1113.4 kcal/mol). Monosubstituted double bond; 


therefore least stable C7H,4 isomer. 


а H H (Z)-4,4-Dimethyl-2-pentene; 4650 kJ/mol (1111.4 kcal/mol). Disubstituted 
== double bond, but destabilized by van der Waals strain. 


(b) 2,4-Dimethyl-1-pentene; 4638 kJ/mol (1108.6 kcal/mol). Disubstituted 
p double bond. 

(c) 2,4-Dimethyl-2-pentene; 4632 kJ/mol (1107.1 kcal/mol). Trisubstituted 
а double bond. 


5.34 (a) 1-Methylcyclohexene is more stable; it contains a trisubstituted double bond, whereas 
3-methylcyclohexene has only a disubstituted double bond. 


CH; СН; 
СУ more stable than CY 


1-Methylcyclohexene 3-Methylcyclohexene 


(b) Both isopropenyl and allyl are three-carbon alkenyl groups: isopropenyl is иес Ен allyl is 


H;C—CHCH;-. 
Ра Ho 
e CH,CH=CH, 
CH; 
Isopropenylcyciopentane Allylcyclopentane 


Isopropenylcyclopentane has a disubstituted double bond and so is predicted to be more stable than 
allylcyclopentane, in which the double bond is monosubstituted. 


(c) A double bond in a six-membered ring is less strained than a double bond in a four-membered ring; 
therefore, bicyclo[4.2.0]oct-3-ene is more stable. 


фи | more stable than Qu 


Bicyclo[4.2.0]oct-3-ene Bicyclo[4.2.0]oct-7-ene 
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(d) Cis double bonds are more stable than trans double bonds when the ring is smaller than 
I 1-membered. (Z)-Cyclononene has a cis double bond in a nine-membered ring, and is therefore 
more stable than (Е)-сусјопопепе. 


E more stable than D 


(Z)-Cyclononene (E)-Cyclononene 


(e) Trans double bonds are more stable than cis when the ring is large. Here the rings are 18-membered. 
Therefore, (E)-cyclooctadecene is more stable than (Z)-cyclooctadecene. 


H 


more stable than 


(E)-Cyclooctadecene (Z)-Cyclooctadecene 


5.35 (a) Carbon atoms that are involved in double bonds are sp?-hybridized, with ideal bond angles of 120°. 
Incorporating an sp?-hybridized carbon into a three-membered ring leads to more angle strain than 
incorporation of an sp?-hybridized carbon with an ideal bond angle of 109°, 1-Methylcyclopropene 
has two sp?-hybridized carbons in a three-membered ring and so has substantially more angle strain 
than methylenecyclopropane. 


[>— CH; [^—cH, 


I-Methylcyclopropene Methylenecyclopropane 


The higher degree of substitution at the double bond in 1-methylcyclopropene is not sufficient to 
offset the increased angle strain, and so 1-methylcyclopropene is less stable than 
methylenecyclopropane. 


(b) 3-Methylcyclopropene has a disubstituted double bond and two sp?-hybridized carbons in its 
three-membered ring. It is the least stable of the isomers. 


> cus 


3-Methylcyclopropene 
5.36 In all parts of this exercise, write the structure of the alkyl halide in sufficient detail to identify the | 
carbon that bears the halogen and the f.-carbon atoms that bear at least one hydrogen. These are the 
carbons that become doubly bonded in the alkene product. 


(a) 1-Bromohexane can give only 1-hexene under conditions of E2 elimination. 


base 


В 
BrCH;CH;CH;CH;CH;CHs E H3C— CHCH;CH;CH;CH; 


1-Bromohexane 1-Hexene (only alkene) 
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(b) 2-Bromohexane can give both 1-hexene and 2-hexene on dehydrobromination. The 2-hexene 
fraction is a mixture of cis and trans stereoisomers. 


D, ъс „с +„ F + „ш „С 
E2 

Br 

2-Bromohexane 1-Hexene cis-2-Hexene trans-2-Hexene 


(c) Both a cis-trans pair of 2-hexenes and a cis-trans pair of 3-hexenes are capable of being formed 


from 3-bromohexane. 
==. = + МАРТ 


cis-2-Hexene trans-2-Hexene 


3-Bromohexane 


cis-3-Hexene trans-3-Hexene 


(d) Dehydrobromination of 2-bromo-2-methylpentane can involve one of the hydrogens of either а 
methyl group (C-1) or a methylene group (C-3). 


Hs CH; 
b 7 
CH4CCH;5CH;CH; = HjC—C, +  (CH3;C-CHCH;CH; 
т CH;CH;CH; 
2-Bromo-2-methylpentane 2-Methyl-1-pentene 2-Methyl-2-pentene 


Neither alkene is capable of existing in stereoisomeric forms, and so these two are the only products 
of E2 elimination. 


(e) 2-Bromo-3-methylpentane can undergo dehydrohalogenation by loss of a proton from either C-1 or 
C-3. Loss of a proton from C-1 gives 3-methyl-1-pentene. 


Base: 


H CH3 CH3 
NIDN l base mS. 
CH;—CHCHCH;CH; | —ui— H,C=CHCHCH)CH; 
Г) 
Вг 
2-Bromo-3-methylpentane 3-Methyl-1-pentene 


Loss of a proton from C-3 gives a mixture of (E)- and (Z)-3-methyl-2-pentene. 


CH3 en нс, н; НС, CHCH; 
CH;,CHCHCH,CH; -5e с=с, + с=с 
B H CH;CH; H СН; 


2-Bromo-3-methylpentane (E)-3-MethyE-2-pentene (Z)-3-Methyl-2-pentene 


CHAPTER 5: Structure and Preparation of Alkenes: Elimination Reactions 133 


(f) Three alkenes are possible from 3-bromo-2-methylpentane. Loss of the C-2 proton gives 
2-methyl-2-pentene. 


4C АН 


Base: Н.С 
үм. E D 
H4C—C— CHCH;CH; C—CHCH;CH; 
CH; вг) РУС 
3-Bromo-2-methylpentane 2-Methyl-2-pentene 


Abstraction of a proton from C-4 can yield either (E)- or (Z)-4-methyl-2-pentene. 


| S Зи (сњусн H (CHCH ÇH 
(CH, CHCRÉ- CHCH; —HB. с=с + с=с 
N 
H Сн; 
Br 
3-Bromo-2-methyipentane (E)-4-Methyl-2-pentene (Z)-4-Methyl-2-pentene 


(g) Proton abstraction from the C-3 methyl group of 3-bromo-3-methylpentane yields 2-etbyl-1-butene. 


Ваве Hob | CH 
E2 
te C 
CH;CH;CCH;CHs cca; ©*°сн›сни» 
Br 
3-Bromo-3-methylpentane 2-Ethyl-t-butene 


Stereoisomeric 3-methyl-2-pentenes are formed by proton abstraction from C-2. 


Basc ХН CH, 


p | нс CH3 НС CH;CH; 
CHCH CCH СН; E2 C=C t C=C 
| Bn ase / N / x 

Br H CH;CH3 H CH, 
3-Bromo-3-methylpentane (E)-3-Methyl-2-pentene (Z)-3-Methyl-2-pentene 


(h) Only 3,3-dimethyl-1-butene may be formed under conditions of E2 elimination from 
3-bromo-2,2-dimethylbutane. 


м АЦ CH, CH; 
z l 
ње Эснссн; EI H;C—-CHCCHS 
Br СН; СН» 


3-Bromo-2,2-dimethylbutane 3,3-Dimethyl-1-butene 
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5.37 (a) The reaction that takes place with 1-bromo-3,3-dimethy!butane is ап E2 elimination 
involving loss of the bromine at C-1 and abstraction of the proton at C-2 by the strong base 
potassium fert-butoxide, yielding a single alkene. 


(CH.C-0:/ ^g 
(CH), cog 1 сн, E (CH;);CCH=CH, 
Br 


1-Bromo-3,3-dimethylbutane 3,3-Dimethyl-1-butene 


(5) Two alkenes are capable of being formed in this В elimination reaction. 


НС CI CH; CH; 
NaOCH;CHs 
fe SES Бич ы. + 
ethanol, 70°C 
1-Methylcyclopentyl chloride Methylenecyclopentane 1-Methylcyclopentene 


The more highly substituted alkene is 1-methyicyclopentene; it is the major product of this reaction. 
According to Zaitsev's rule, the major alkene is formed by proton removal from the B carbon that 
has the fewest hydrogens. 


(c) Acid-catalyzed dehydration of 3-methyl-3-pentanol can lead either to 2-ethyl-1-butene or to a 
mixture of (E)- and (Z)-3-methyi-2-pentene. 


p 
CH 
ç H2504 | | А HaC, „а HC, „СН2СНз 
CH3CH;CCH5;CH; вос As + £= C + ye = C 
OB CH,CHí ‘CH)CH; H CH;CH4 H CH; 
3-Methyl-3-pentanol 2-Ethyl-1-butene (E)-3-Methyl-2-pentene (2)-3-Methyl-2-pentene 


The major product is a mixture of the trisubstituted alkenes, (Ё)- and (Z)-3-methyi-2-pentene. Of 
these two stereoisomers, the E isomer is slightly more stable and is expected to predominate. 


(d) Acid-catalyzed dehydration of 2,3-dimethyl-2-butanol can proceed in either of two directions. 


HC CH; 


H3PO4 „Из ES 
H3C—C—CHCH; 120° H5C—C * (CH 3)2C=C(CH3)2 
P I B E N 
-H30 CH(CH3) 
2,3-Dimethyl-2-butanol 2,3-Dimethy]-1-butene 2,3-Dimethyl-2-butene 
(disubstituted) (tetrasubstituted) 


The major alkene is the one with the more highly substituted double bond, 2,3-dimethyl-2-butene. 
Its formation corresponds to Zaitsev's rule in that a proton is lost from the B carbon that has the 
fewest hydrogens. 
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(e) Only a single alkene is capable of being formed on E2 elimination from this alkyl iodide. 


Stereoisomeric alkenes are not possible, and because both B hydrogens are equivalent, regioisomers 
cannot be formed either. 


B Ip NaOCH;CH; 

CH; CASE ACH) ethanol (CH3)9C= CHCH(CH3 
CH, CH; 70°C 

3-fodo-2,4-dimethylpentane 2,4-Dimethyl-2-pentene 


(f) Despite the structural similarity of this alcohol to the alkyl halide in the preceding part of this 
problem, its dehydration is more complicated. The initially formed carbocation is secondary and 
can reatrange to a more stable tertiary carbocation by a hydride shift. 


OH 
| H rw hydride + 
CH.CHCHCHCH; e CH4C—CHCHCR; SR CH3CCH2CHCH; 
CH; CH; CH; CH; CH; СН; 
2,4-Dimethyl-3-pentanol Secondary carbocation Tertiary carbocation 
(less stable) (more stable) 


The tertiary carbocation, once formed, can give either 2,4-dimethyl-1-pentene or 
2,4-dimethyl-2-pentene by loss of a proton. 


+ 
CH,CCH)CHCH, ———= HC=CCHCH(CH)» + (CH43),C- CHCH(CH3); 


СНз CH CH 
3 3 3 
2,4-Dimethyl-1-pentene 2,4-Dimethyl-2-pentene 
(disubstituted) (trisubstituted) 


The proton is lost from the methylene group in preference to the methyl group. The major alkene 
is the more highly substituted one, 2,4-dimethyl-2-pentene. 


5.38 In all parts of this problem you need to reason backward from an alkene to an alkyl bromide 
of molecular formula C;H, Br that gives only the desired alkene under E2 elimination conditions. 


Recall that the carbon-carbon double boud is formed by loss of a proton from one of the carbons 
that becomes doubly bonded and a bromine from the other. 


(a) Cycloheptene is the only alkene formed by an E2 elimination reaction of cycloheptyl bromide. 


Br 
base 
E2 
Cycloheptyl bromide Cycloheptene 


(b) (BromomethyDcyclohexane is the correct answer. It gives methylenecyclohexane as the only 
alkene under E2 conditions. 


H 
ua = Gre 
CH; —Br 


(Bromomethyl)cyclohexane Methylenecyclohexane 
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1-Bromo-1-methylcyclohexane is not correct. It gives a mixture of 1-methylcyclohexene and 
methylenecyclohexane on elimination. 


Br 
base _ CH; * {ось 
CH; E2 


1-Вгото-1-те ћу! сусјоћехапе Methylenecyclohexane 1-Methylcyclohexene 


(c) In order for 4-methylcyclohexene to be the only alkene, the starting alkyl bromide must be 
1-bromo-4-methylcyclohexane. Either the cis or the trans isomer may be used, although the cis will 
react more readily because its more stahle conformation (equatorial methyl) has an axial bromine. 


H H(CH3) 
i bi 
One. СН. 
CH;(H) Е 3 
Br 
cis- or trans-1-Bromo-4-methylcyclohexane 4-Methylcyclohexene 


1-Bromo-3-methylcyclohexane is incorrect; its dehydrobromination yields a mixture of 
3-methylcyclohexene and 4-methylcyclohexene. 


Br H(CH3) 
CH3(H) base _ СНз + CH; 
i E2 
H 
H 
1-Bromo-3-methylcyclohexene 3-Methylcyclohexene 4-Methylcyclohexene 


(d) The alkyl bromide must be primary in order for the desired alkene to be the only product of E2 


elimination. 
oe =. С CH=CH; 


2-Cyclopentylethyl bromide Vinylcyclopentane 


If 1-cyclopentylethy! bromide were used, a mixture of regioisomeric alkenes would be formed, with 
the desired vinylcyclopentane being the minor component of the mixture. 


С Успон, Se M + | > св=сњ 


Вг 


i-Cyclopentylethyl bromide Ethylidenecyclopentane Vinylcyclopentane 
(major product) (minor product) 


(e) Either cis- or trans-1-bromo-3-isopropylcyclobutane would be appropriate here. 
H CH(CH3y CH(CH3); 
H base ГЇ 
H E2 
Br H 


cis- or trans-1-Bromo-3-isopropylcyclobutane 3-Isoptopylcyclobutene 
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(f) The desired alkene is the exclusive product formed on E2 elimination from 
1-bromo-1-tert-butyleyclopropane. 


H 
н. C(CH) 
M. ССН)» 
H Br E2 
H 
1-Bromo-1-fert-butylcyclopropane T-tert-Butylcyclopropene 


5.39 (a) Both 1-bromopropane and 2-bromopropane yield propene as the exclusive product of E2 elimination. 


CH34CH;CH3Br Or CHSCHETIS 6 СН:СН==СН› 
Вг 


1-Вготоргорапе 2-Вготоргорапе Ргорепе 
(b) 2-Methylpropene is formed on dehydrobromination of eitber tert-butyl bromide or isobutyl bromide, 
(CH3)3CBr ог (CH3; CHCH;Br Ie. (СНз) С= С 
tert-Butyl bromide Isobutyl bromide 2-Methylpropene 


(c) A tetrabromoalkane is required as the starting material to form а tribromoalkene under E2 elimination 
conditions. Either 1,1,2,2-tetrabromoethane or 1,1,1,2-tetrabromoethane is satisfactory. 


BrCHCHBr ог BrCH;CBr; Eus BrCH—CBr; 


1,1,2,2-Tetrabromoethane 1,1,1,2-Tetrabromoethane 1,1,2-Tribromoethene 


(d) The bromine substituent may be at either C-2 or C-3. 


Br н н 
H CH; " r: CH; Ж CH; 
r E2 
H CH; CH; CH; 
2-Bromo-1,1-dimethylcyclobutane 3-Bromo- i, 1-dimethylcyclobutane 3,3-Dimethylcyclobutene 


5.40 (а) Heating an alcohol in the presence of an acid catalyst (KHSO,) leads to dehydration with formation of an alkene. 
In this alcohol, elimination can occur in only one direction to give a mixture of cis and trans alkenes. 


Br. Br 


ОВ an o o a Б CH=CHCH; 
OH 
Cis-trans mixture 
(b) Alkyl halides undergo E2 elimination on being heated with potassium tert-butoxide. 


KOC(CH3), 


C——MJÓ 
(CH3),;COH 
heat 


JCH;CH(OCH;CH3); Н:С=С(ОСН:СНур = 
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(c) This reaction is highly regioselective and gives only 1,2-dimethylcyclohexene. 


H 
= CH3 
СН; NaOCH;CH; 
арг CH4CH;OH 
* heat CH3 
CH; 
trans-1,2-Dimethylcyclohexyl bromide 1,2-Dimethylcyclohexene 


(100%) 


(d) B Elimination can occur only in one direction, to give the alkene shown. 


KOC(CH3)s 


(CH3);COH 
(СНС јеж њс=с. 
CH; 


(e) The reaction is a conventional one of alcohol dehydration and proceeds as written in 76-78% yield. 


HO. см CN 
KHSO, | 
130°С—150°С EE ВА 
H20) CHRO 


(f) Dehydration of citric acid occurs, giving aconitic acid. 


CH30 


on H2504 
HO;CCH;—C--CH;CO;H HO;CCH-—CCH5CO;H 
Ех е; 140°C-145°C t L 
CO;H CO;H 


Citric acid Aconitic acid 


(g) Sequential double dehydrohalogenation gives the diene. 


Н.С CH; 
POs 5 KOC(CH3) LUE н ВИ 
DMSO DMSO / 
CH; 


Bomylene (83%) 


(h) This example has been reported in the chemical literature, and in spite of the complexity 
of the starting material, elimination proceeds in the usual way. 
> 


ДЕМИР, 
~ mso О 


(84%) 
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(Г Again, we have a fairly complicated substrate, but notice that it is well disposed toward E2 
elimination of the axial bromine. 


CH4OCH; Сес 
СНО О KOH 9 
сњо heat СНО: "kt / 
CH4O 
Br CHÓ Осн; 


(j) In the most stable conformation of this compound, chlorine occupies an axial site, and so it is 
ideally situated to undergo an E2 elimination reaction by way of an anti arrangement in the 
transition state. 


CH; CH; 
Ci 
NaOCH; " 
(CH3C tu. EMO 
C(CH3)3 C(CH3) 
4-tert-Butyl- 4-fert-Butyl- 


1-methylcyclohexene (95%) ^ (methylene)eyclohexane (5%) 
The major product is the more highly substituted isomer, in which the double bond is trisubstituted. 


5.41 The problem states that the reaction is first order in (CH4)4CCI (tert-butyl chloride) and first order in 
NaSCH;CH, (sodium ethanethiolate). It therefore exhibits the kinetic behavior (overall second order) of 


a reaction that proceeds by the E2 mechanism. The base that abstracts the proton from carbon is the 
anion CH4CTLS . 


SU Ен» 
сн,єн,—$ + "uen er сњењ-5—н + с=с + 16: 
CH; СНз 


5.42 The two starting materials are stereoisomers of each other, and so it is reasonable to begin by examining each 
one in more stereochemical detail. First, write the most stable conformation of each isomer, keeping in mind 
that isopropyl is tbe bulkiest of the three substituents and has the greatest preference for an equatorial 
orientation, 
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,CH(CH3); H 
ДУХ н 
Н.С CI | CH(CH3); 


Н.С C 
H 


Menthyl chloride Most stable conformation of menthyl chloride: 
none of the three В protons is anti to chlorine 


CH(CH3) H 
[ob | 
5, CH(CH 
HC a Н.С (CH3)2 


Cl 


Neomenthyl chloride Most stable conformation of neomenthyl chloride: 
each В carbon has a proton that is anti to chlorine 


The anti coplanar relationship of halide and proton can be achieved only when the chlorine is axial; this 
corresponds to the most stable conformation of neomenthyl chloride. Menthyl chloride, however, must 
undergo appreciable distortion of its ring to achieve an anti coplanar CI— C— C—H geometry. Strain 
increases substantially in going to the transition state for E2 elimination in menthyl chloride hut not in 
neomenthyl chloride. Neomenthyl chloride undergoes E2 elimination at the faster rate. 


5.43 The proton that is removed by the base must be anti to bromine. Thus, the alkyl groups must be gauche to 
one another in the conformation that leads to cis-4-nonene and anti to one another in the one that leads to 
trans-A-nonene. 


CH;CH;—0: © 
t 


H H H 
H CH;CH;CH;CH; Нн. A LCH3CH;CH;CHs 7 CHCH;CH; 
H CHCH4CH; H P vo MUR H 
Br ; 5 CH;CH5;CH;CH; 
Br 
Gauche conformation of 5-bromononane E2 transition state cis-4-nonene 
H 
H CH;CH;CH;CHs 
CH3CH;CH; H 
Br 


Anti conformation of 5-bromononane 


CH;CH;—0: 3 


H CH4CH;CH; 
Н. 2 LCH3CH;CH4CHs 7 H 
оа 07 H H 
CH;CH;CH;CH; 
Вг 5- 


E2 transition state trans-4-nonene 
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The alkyl groups move closer together (van der Waals strain increases) as the transition state for 
formation of cis-4-nonene is approached. No comparable increase in strain is involved in going to the 
transition state for formation of the trans stereoisomer. 


5.44 Choose B and treat it with a strong base such as NAOCH,;CH, to ensure that the reaction follows an E2 
mechanism. The only possible E2 product is C. 


Н.С CH; HC CH; 
Br NaOCH3CH; 


ethanol, heat 
B C 


Dehydration of alcohol A would proceed through a carbocation, which could rearrange prior to loss 
of a proton and yield a mixture of products. 


HC CH; ње CH; methyl СНз 
HSQ, migration 
OH heat H 
A 
-H* -H* 
H4C CH; CH; CH; 
CH; Т СН; 
H 
С 
5.45 Begin by writing chemical equations for the processes specified in the problem. First consider 
rearrangement by way of a hydride shift: 
H H 
H* | "N +! + / 
aS net he Si : єн СЫ + О: 
СН» СН; Н СН; Н 
2-Methyl- |-propanol Isobutyloxonium ion Tertiary cation Water 
Rearrangement by way of a methyl group shift is as follows: 
H* " 2 H P 
РНЕ ЭН = Р: СНС—СЊСНа + :0: 
7 + 
i H H 
EL CH, "——— 
2-Methyl-1-propanol Isobutyloxonium ion Secondary cation Water 


A hydride shift gives a tertiary carbocation; a methyl migration gives a secondary carbocation. 

It is reasonable to expect that rearrangement will occur so as to produce the more stable of these 

two carbocations because the transition state has carbocation character at the carbon tbat bears the 
migrating group. We predict that rearrangement proceeds by a hydride shift rather than a methyl shift. 
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5.46 Rearrangement proceeds by migration of a hydrogen or an alkyl group from the carbon atom adjacent 
to the positively charged carbon. 


(а) A propyl cation is primary and rearranges to an isopropyl cation, which is secondary, by migration 
of a hydrogen with its pair of electrons. 


+ + 
СНУСН—СН; at CH4CHCH; 
Propyl cation Isopropyl cation 
(primary, less stable) (secondary, more stable) 


(b) A hydride shift transforms the secondary carbocation to a tertiary one. 


| «+ + 
CH3C- CHCH; erc! mw CH3CCH;CH; 


CH; CH; 
1,2-Dimethylpropyl cation 1,1-Dimethylpropyl cation 
(secondary, less stable} (tertiary, more stable) 


This hydride shift occurs in preference to methyl migration, which would produce the same 
‘carbocation as the original one. (You can verify this by writing the appropriate structural formulas.) 


(c) Migration of a methyl group converts this secondary carbocation to a tertiary one. 


CH; CH; 
mu d. i 
CH;C—CHCH; —= CH;Ç—CHCH; 
CH; СН» 
1,2,2- Trimethylpropyl cation 1,1,2-Trimethylpropyl cation 
(secondary, less stable) (tertiary, more stable) 


(d) The group that shifts in this case is the entire ethyl group. 


CH4CH 
+ 


- CH4CH5C— CH; — CH;CH; 


CH;CH;C—CH; 


CHCH; CH3CH; 
2,2-Diethyibutyl cation 1,1-Diethylbutyl cation 
(primary, less stable) (tertiary, more stable) 


(e) Migration of a hydride from the ring carbon that bears the methyl group produces a tertiary 


carbocation. 
CH 
OX — Oc 
CH; 


2-Methylcyclopentyi cation 1-Methylcyclopentyl cation 
(secondary, less stable) (tertiary, more stable) 


CHAPTER 5: Structure and Preparation of Alkenes: Elimination Reactions 


5.47 (a) Note that the starting material is an alcohol and that it is treated with an acid. The product is an 
alkene but its carbon skeleton is different from that of the starting alcohol. The reaction is one of 
alcohol dehydration accompanied by rearrangement at the carbocation stage. Begin by writing the 


(b) 


step in which the alcohol is converted to a carbocation. 


H* 
ДӘ... -H20 I 
ÓH 


C(CH3)3 


The carbocation is tertiary and relatively stahle. Migration of a methyl group from the fert-butyl 
substituent, however, converts it to an isomeric carbocation, which is also tertiary. 


== р 
Ct 
ғ 
d CH; 
CH ав 
ње 3 3 


CH; 


Loss of a proton from this carbocation gives tbe observed product. 


ДӘ T ДӘ ie 
ct C 
X МУ 
CHH “сн, 


CH; CH; 


Here also we have an alcohol dehydration reaction accompanied by rearrangement. The initially 


formed carbocation is secondary. 


H 
H OH 
H* 
Н; 
This cation can rearrange to a tertiary carbocation by an alkyl group shift. 
Cia aS 


Loss of a proton from the tertiary carbocation gives the observed alkene. 


H 
-H* 
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(c) The reaction begins as a normal alcohol dehydration in which the hydroxyl group is protonated by 
the acid catalyst and then loses water from the oxonium ion to give a carbocation. 


+ 
OH OH; iH 
CH; KHSO4 CH; -H20 CH; 
H H 
CH CH CH 
3 CH 5 CH, > сњ 


4-Methylcamphenilol Secondary carbocation 


We see that the final product, 1-methylsantene, has a rearranged carbon skeleton corresponding to a methyl 
shift, and so we consider the rearrangement of the initially formed secondary carbocation to a tertiary ion. 


CH 
EH methyl shift x CH; 
JOH; eee Н гт 
CH CH CH 
3 CH; 3 c Н; 3 CH; 


Secondary catbocation Tertiary carbocation 1-Methylsantene 
Deprotonation of the tertiary carbocation yields 1-methylsantene. 


5.48 The secondary carbocation can, as we have seen, rearrange by a methyl shift. It can also rearrange by 
migration of one of the ring bonds. 


H 
т H 
C + 
H3 ССН; 
СН; | 
CH3 
Secondary carbocation Tertiary carbocation 


The tertiary carbocation formed by this rearrangement can tose a proton to give the observed byproduct. 


Г EP d 
+ 
coe “сн, 
CH 


Isopropylidenecyclopentane 


5.49 Let's do both part (a) and part (P) together by reasoning mechanistically. The first step in any 
acid-catalyzed alcohol dehydration is proton transfer to the OH group. 


CH; CH; 
| we Н,504 | +/ 
CH;CH;CH;CH;CCH;— OH CH;CH;CH;CH;CCH,-O : 
CH; CH; H 


But notice that because this alcohol does not have any hydrogens on its В carbon, it cannot dehydrate 
directly. Any alkenes that are formed must arise by rearrangement processes. Consider, for example, 
migration of either of the two equivalent methyl groups at C-2. 


CH; H H 


I~ ^, + /, 
CEISCPOCIDOHA T СН,тОо . ва CH;CH;CH;CH;CCH;CHs + о: 
CH3 H CH3 H 


VN 
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The resulting carbocation can lose a proton in three different directions. 


+ 


3 ue 
CH3CH;CH;CH;CHCH;CH; 
CH; 


CH,CH;CH;CH-CCH;CHs + CH,CI;CH;CH;CCH;CH, + CH;CH;CH;CH;C— CHCH; 


CH; CH, CH; 
3-Methyl-3-heptene 2-Bthyl-1-hexene 3-Methyl-2-heptene 
(mixture of Е and 2) (mixture of E and Z) 


The alkene mixture shown in the preceding equation constitutes part of the answer to part (b). None of 
the alkenes arising from methyl migration is 2-methyl-2-heptene, the answer to part (a), however. 
What other group can migrate? The other group attached to the B carbon is a butyl group. Consider its 


migration. 
CH H 
„~ +/ Ex 4 H 
CH 3CH;CH;CH;-- 7 = HN > VCCH;CH;CH;CH;CHs а о; 
CH; H HC 


Loss of a proton from the carbocation gives the alkene in part (a). 


HC | ње 
"CCH;CH;CH;CH;CHs ——— гл deum CHCH3CH;CH5CH4a 
ЕС НС 


2-Methyl-2-heptene 


A proton can also be lost from one of the methyl groups to give 2-methyl-1-heptene. This is the last 
alkene constituting the answer to part (5). 


ЕУ _H+t НС, 
"CCH;CB;CH;CHoCHs Se KCH;CH;CH;CH;CHs 
НС H4C 


2-Methyl-1-heptene 


5.50 Only two alkanes have the molecular formula Санио; butane and isobutane (2-metbylpropane)—both 
of which give two monochlorides on free-radical chlorination. However, dehydrochlorination of one of 
the monochlorides derived from butane yields a mixture of alkenes. 


KOC(CH3)3 
CHC HCHICHs ao ari H,C-—CHCH;CH; + CH3CH-—CHCH; 
imethy! 
еј! sulfoxide 


2-Chlorobutane ]-Butene 2-Butene (cis + trans) 
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Both monochlorides derived from 2-methylpropane yield only 2-methylpropene under conditions | 
of E2 elimination. 


KOC(CH3)3 


(CH3)3CCl or (CH3CHCH5CI к==р А) (CH3)3C—CH) 
dimethyl 
sulfoxide 

tert-Butyl chloride Isobutyl chloride 2-Methylpropene 


Compound А is therefore 2-methylpropane, the two alkyl chlorides are tert-butyl chloride and isobutyl 
chloride, and alkene B is 2-methylpropene. 


5.51 The key to this problem is the fact that one of the alkyl chlorides of molecular formula C6H13Cl does 
not undergo E2 elimination. It must therefore have a structure in which the carbon atom that is B to 
the chlorine bears no hydrogens. This C,H, 3Cl isomer is 1-chloro-2,2-dimethylbutane. 


"s 
нешо H)Cl 
CH3 


1-Chloro-2,2-dimethylbutane 
(cannot form an alkene) 


Identifying this monochloride derivative gives us the carbon skeleton. The starting alkane (compound A) 
must be 2,2-dimethylbutane. Its free-radical halogenation gives three different monochlorides: 


ie T INE e 
Cl 
CH3CH2CCH; "E СН›СН;ССН;С1 + CH.CHCCH, + CICH;CH;CCH; 
CH; CH; Cl CH; CH; 
2,2-Dimethylbutane 1-Chloro-2,2-dimethylbutane 3-Chloro-2,2-dimethylbutane 1-Chloro-3,3-dimethyIbutane 
(compound À) 


Both 3-chloro-2,2-dimethylbutane and 1-chloro-3,3-dimethylbutane give only 3,3-dimethyl-1-butene on 
E2 elimination. 


CH; CH; CH; 
| | КОС(СНз)з | 
CH34CHCCH; or CICH;CH;CCH4 H,C=CHCCH; 
| | | (CH3)3COH | 
Cl CH; CH; CH; 
3-Chloro-2,2- 1-Chloro-3,3- 3,3-Dimethyl-1-butene 


dimethylbutane dimethylbutane (alkene B) 
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ANSWERS TO INTERPRETIVE PROBLEMS 


5.552 A; 5.3 A; 5.4 D; 5.55 B; 556 D; 5.57 D; 558 B; 559 D 


SELF-TEST 


1. Give two acceptable IUPAC names for each of the following: 


Br 
(а) (CH35CCH—C(CH3)? (c) ДКА 
Вг 
27" 
© di. d d b gb di 
OH 


2. Each of the following is an incorrect name for an alkene. Write the structure and give the correct name 
for each. 
(a) 2-Ethyl-3-methyl-2-butene (c) 2,3-Dimethylcyclohexene 
(b) 2-Chloro-5-methyl-5-hexene (d) 2-Methyl-1-penten-4-ol 

3. (a) Write the structures of all the alkenes of molecular formula C,H). 


(b) Which isomer is the most stable? 
(c) Which isomers are the least stahle? 
(d) Which isomers are a pair of stereoisomers? 


4. How many carbon atoms are sp?-hybridized in 2-methyl-2-pentene? How many are sp?-hybridized? How 
many с bonds are of the sp*—sp? type? 


5. Write the structure, clearly indicating the stereochemistry, of each of the following: 
(a) (Z)-4-Ethyl-3-methyl-3-heptene 
(b) (E)-1,2-Dichloro-3-methyl-2-hexene 
(c) (£)-3-Methyl-3-penten-1-ol 


6. Write structural formulas for two alkenes of molecular formula C;H,, that are stereoisomers of each 
other and have a trisubstituted double bond. Give systematic names for each. 


7. Write structural formulas for the reactant or product(s) omitted from each of the following. If more than 
опе product is formed, indicate the major one. 


H2504 
heat 


(a) (CH3)26CHCH2CHs 
OH 
Cl CH; 


NaOCH3 
(b) CH4OH 
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KOCH;CH; 
(c) ? Soon SS (only alkene formed) 
3 2 


HPO; 


(d) ACH RACH) 
OH 


8. Write the structure of the CgH,,Br isomer that is not capable of undergoing 22 elimination. 


9. Write a stepwise mechanism for the formation of 2-methyl-2-butene from the dehydration of 
2-methyl-2-butanol in sulfuric acid. 


10. Draw the structures of all the alkenes, including stereoisomers, that can be formed from the E2 
elimination of 3-bromo-2,3-dimethylpentane with sodium ethoxide (NaOCH,CH;) in ethanol. Which 


of these would you expect to be the major product? 


11. Using curved arrows and perspective drawings (of chair cyclohexanes), explain the formation of the 
indicated product from the following reaction: 


oe og 
NaOCH; 
"Br 


12. Compare the relative rate of reaction of cis- and trans-1-chloro-3-isopropylcyclohexane with sodium 
methoxide in methanol by the E2 mechanism. 


13. Outline a mechanism for the following reaction: 


H3PO4 
OH =“ = + other alkenes 


heat 


14. Compound A, on reaction with bromine in the presence of light, gave as the major product compound B 
(СоНјоВг). Reaction of B with sodium ethoxide in ethanol gave 3-ethyl-4,4-dimethyl-2-pentene 


as the only alkene. Identify compounds A and B. 


CHAPTER 6 
Addition Reactions of Alkenes 


SOLUTIONS TO TEXT PROBLEMS 


6.1 Catalytic hydrogenation converts an alkene to an alkane having the same carbon skeleton. Because 2- 
methylbutane is the product of hydrogenation, all three alkenes must have a four-carbon chain with 
a one-carbon branch, The three alkenes are therefore: 


Bey 


2-Methyl-1-butene 


AL 


2-Methyl-2-butene 


P 


3-Methyl- [-butene 


H; кй 
metal 


catalyst 2-Methylbutane 


6.2 The most highly substituted double bond is the most stable and has the smallest heat of hydrogenation. 


2-Methyl-2-butene:  2-Methyl-1-butene — 3-Methyl-1-butene 


most stable (disubstituted) (monosubstituted) 
(trisubstituted) 
Heat of hydrogenation: 112 kJ/mol 118 kJ/mol 126 kJ/mol 
(26.7 kcal/mol} (28.2 kcal/mol) (30.2 kcal/mol) 
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6.3 Both cis-2-butene and trans-2-butene react with HBr to give the same product (2-bromobutane). 


cis-2-butene: АН = —77 КТ (-18.4 kcal) 


CH3CH=CHCH; + НВг свесен 


Вг trans-2-butene: АН = -72 kJ (17.3 kcal) 


Therefore, the difference in the heats of reaction is due entirely to the difference in their respective energies. 
cis-2-Butene gives off 5 kJ/mol (1.1 kcal/mol) more heat when it reacts with HBr than trans-2-butene does, 
which makes cis-2-butene 5 kJ/mol (1.1 kcal/mol) higher in energy (less stable) than trans-2-butene. This 
energy difference is approximately the same as that obtained from their heats of hydrogenation [4 kJ/mol 

(1 kcal/mol)] and heats of combustion [3 kJ/mol (0.7 kcal/mol)]. 


6.4 (р) Regioselectivity of addition is not an issue here, because the two carbons of the donhle hond are 
equivalent in cis-2-butene. Hydrogen chloride adds to cis-2-butene to give 2-chlorobutane. 


НАС CH; 
\ / HCI 
с= G CH3 Снн: 
Н Н Ci 
cis-2-Butene 2-Chlorobutane 


(c) Begin by writing out the structure of the starting alkene. Identify the doubly bonded carbon that has the 
greater number of hydrogens; this is the one to which the proton of hydrogen chloride adds. Chiorine 
adds to the carbon atom of the double bond that has the fewer attached hydrogens. 


Hydrogen adds 
to this carbon. 


ње {н CH 
Chlorine ада: ______ C= НСІ 
to this carbon. 7 S = ВОН CH: 
CH3CH2 H Cl 
2-Methyl-1-butene 2-Chloro-2-methyibutane 


By applying Markovnikov's rule, we see that the major product is 2-chloro-2-methylbutane. 


(d) One end of the double bond has no hydrogens, but the other end has one. In accordance with 
Markovnikov's rule, the proton of hydrogen chloride adds to the carbon that already has one hydrogen. 
The product is 1-chloro-1-ethylcyclohexane. 


3 
СН,СНз 


Ethylidenecyclohexane 1-Chloro-1-ethyleyclohexane 


6.5 (р) A secondary carbocation is an intermediate in the reaction of cis-2-butene with bydrogen chloride. 


\ / <.. HC. + |CH;CH4 .. — 
с=с БЕСОВ ull ЗЕ” + Œ 

H H | 

cis-2-Butene Hydrogen chloride Secondary carbocation Chloride ion 


Capture of this carbocation by chloride gives 2-chlorobutane. 
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(c) A proton is transferred to C-1 of 2-methyl-1-butene to produce a tertiary carbocation. 


ЊС CH; 
/ oe | •. — 
бес + BOG ——- e + би 
CH;CH, H НС” + CH;CH; 
2-Methyl-1-butene Hydrogen chloride Tertiary carbocation Chloride ion 


This is the carbocation that leads to the observed product, 2-chloro-2-methylbutane. 


(d) A tertiary carbocation is formed by protonation of the double bond. 


(оу сне + Са; 


Ethylidenecyclohexane Hydrogen chloride 


— =“ $: 66. 


Tertiary carbocation 


Chloride ion 


This carbocation is captured by chloride to give the observed product, 1-chloro-1-ethylcyclohexane. 


6.6 (а) The carbocation formed by protonation of the double bond of 3,3-dimethyl- L-butene is secondary. 
Methyl migration can occur to give a more stable tertiary carbocation. Reaction of chloride with each 


carbocation intermediate gives the products as shown. 


methyl 
eH 3 НА qH migration 
CE ETEN єн — CHCH; 
CH3 CH3 


3,3-Dimethyl-1-butene Secondary carbocation 


ст 


CH; 
CH3C—CHCHs 
CH; CI 


3-Chloro-2,2-dimethylbutane 


с 
+ 

CH,C—CHCH; 
CH, 


Tertiary carbocation 


CI 
CI CH; 
CH,C—CHCH; 
CH; 


2-Chloro-2,3-dimethylbutane 


The two chloride products are 3-chloro-2,2-dimethylbutane and 2-chloro-2,3-dimethylbutane. 
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(b) Protonation of the double bond gives a secondary carbocation that can react with chloride ion to give one 
of the products. The secondary carbocation can also rearrange by a 1,2-hydride shift to the more stable 
tertiary carbocation. Addition of chloride gives the other product. 


н 8 d: 
— Г Н | 2 hydride H Н 
Ин“ Н На: — = M es dao e 
bi lH UH 
H H 
Vinylcyclopentane Secondary carbocation Tertiary carbocation 
С 
H :Cl 
H7 
oir 
| H 
H 
Secondary carbocation (1-ChloroethyDcyclopentane 
"o :CEH H 
x / 
CF -H oa. JH 
Cy 
T ^H ЕН 
H 
Tertiary carbocation 1-Chloro-1-ethyicyclopentane 


The two chloride products are (1-chloroethylcyclopentane and 1-chioro-1-ethylcyclopentane. 


6.7  Thethree alkenes give the same alkyl hydrogen sulfate because they give the same carbocation on 


protonation. 
сы. 
H,SO 
Los D Sm —— 
t 
OSO,0H 
МИ sec-Butyl cation sec-Butyl hydrogen sulfate 


6.8 The presence of hydroxide ion in the second step is incompatible with the acidic medium in which the 
reaction is carried out. The reaction as shown in step 1 


(СНуС=<СН; + HOt (CH4AC* + HO 
is performed in acidic solution. There are, for all practical purposes, no hydroxide ions in aqueous acid, the 
strongest base present being water itself. It is quite important to pay attention to the species that are re actually 
present in the reaction medium whenever you formulate a reaction mechanism. 
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6.9 


6.10 


6.11 


6.12 


6.13 


6.14 


The more stable the carbocation, the faster it is formed. The more reactive alkene gives a tertiary carbocation 
in the rate-determining step. 


/ * H30* ЕН» 
>= | [=> 
3 CH; 


CH» 


Tertiary carbocation 
Protonation of [>—сн=снсн» gives a secondary carbocation. 


The mechanism of electrophilic addition of hydrogen chloride to 2-methylpropene as outlined in text Section 
6.6 proceeds through a carbocation intermediate. This mechanism is the reverse of the Е1 elimination. The 
E2 mechanism is concerted, meaning it occurs in a single step. 


Water is one of the products in the reaction of tert-butyl alcohol with НСІ. 
(CH3);COH + HCl =—— (СНз)зССІ + НО 
tert-Butyl Hydrogen tert-Butyl Water 
alcohol chloride chloride 


According to Le Chátelier's principle, in order to maximize the yield of tert-butyl chloride we need to 
minimize the amount of water. A concentrated solution is a better choice than a dilute solution of HCI in 
water. Excess water will cause the position of the equilibrium to shift to the left. 


In a reversible reaction, the equilibrium constant of the reverse reaction is the reciprocal of the forward 


reaction. In other words, Kyeyerse = 7. lf Kforwara = 9 for the reaction 
Ktorward 


(CH35C—CHo(g) + H200) (CH3);COH() 


then Kyeyerse = 0.11. 


A catalyst affects the rate of a reaction, but not its equilibrium constant, by speeding up both the forward and 
reverse reactions. The usual hydrogenation catalysts (Pd, Pt, Ni) allow the ethane == ethylene equilibrium 
to be established more quickly but do not affect the relative amounts of reactant and product. 


The ethylene product will increase relative to ethyl bromide with increasing temperature. 


The solution to this problem lies in using the equation АС = AH? — ТА5®. The more negative АО, tbe 
more favored the reaction. 


In the first equation, one molecule (ethanol) produces two molecules (ethylene and water). The entropy, 45°, 
of this reaction will thus be substantially positive. This means that the — TAS? term will be influenced by 
varying the temperature. Increasing the temperature will result іп а more negative АС“, thus increasing the 


amounts of ethylene and water. 
HBr 
CH;3CH;—OH(g) == + H2C=CH2(g) + ЊО 
One molecule Two molecules 


Note that in this first reaction the HBr is only used as a catalyst and is not consumed or produced in the 
reaction. 
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6.15 
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In the second reaction, two molecules (ethanol and HBr) produce two molecules (ethyl bromide and water). 


The entropy of this reaction will he very close to zero. The —TAS" term then is very close to zero and 


varying the temperature will have a minimal influence on the AG? term. Thus, this equilibrium will not 
change significantly with temperature. 


(b) 


CH3CH;—OH(g) + НВг) === CH4CH;—Br(g + НО 


Two molecule Two molecule 


The carbon-carbon double bond is symmetrically substituted in cis-2-butene. Therefore, the 
regioselectivity of hydroboration—oxidation is not an issue. Hydration of the double bond gives 


(c) 


(d) 


(e) 


2-butanol. 


ње „а |, hydroboration 
„ЕС INA ER CH3CHCH,CH3 
H H 2. oxidation | 
OH 
cis-2-Butene 2-Butanol 


Hydroboration-oxidation of alkenes leads to hydration of the double bond with a regioselectivity 
opposite to Markovnikov's rule. 


1. hydroboration H 
ӨН i odds 
. oxidation CH;OH 
Methylenecyclobutane Р Cyclobutylmethanol 
Hydroboration-oxidation of cyclopentene gives cyclopentanol. 
1, hydroboration 
p. T OH 
2, oxidation 
Cyclopentene Cyclopentanol 


When alkenes are converted to alcohols by hydroboration-oxidation, the hydroxyl group is introduced at 
the less substituted carbon of the double bond. 


CH4CH-—C(CH;CHg), |- hvdroboration CH4CHCH(CH;CH3); 
2. oxidation DH 
3-Ethyl-2-pentene 3-Ethyl-2-pentanol 


The less substituted carbon of the double bond in 3-ethy1-1-pentene is at the end of the chain. It is this 
carbon that bears the hydroxyl group in the product of hydroboration-oxidation. 


H;C—CHCH(CH;,CHa4)  !hydroboration HOCH;CH;CH(CH;CH3), 


2. oxidation 


3-Ethyl-1-pentene 3-Ethyl-1-pentanol 
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6.16 The bottom face of the double bond of a-pinene is less hindered than the top face. 


Methyl group " . 
shields top село 7= ЕС CH; не СН. 
H \, 1. Ву HO 
2. ЊО, НО“ HaC 
Hydroboraion Z ur ; 
occurs Кот = НЗС Нее This H comes 
this direction. from B;H«. 


Syn addition of H and OH takes place and with a regioselectivity opposite to that of Markovnikov's rule. 


617 Bromine adds anti to the double bond of 1-bromocyclohexene to give 1,1,2-tribromocyclohexane. 
The radioactive bromines (82Вг) are vicinal and trans to each other. 


82 
Br Br 
“Вг 
+ 82B r— 82Br 
H RM 
82gr 
1-Bromocyclohexene Bromine 1,1,2-Tribromocyclohexane 


6.18 Alkyl substituents on the double bond increase the reactivity of the alkene toward addition of bromine. 


| H 
Su H H 
H H H 
2-Methyl-2-butene 2-Methyl-t-butene 3-Methyl- 1-butene 


(trisubstituted double bond; most reactive) (disubstituted double bond) (monosubstituted double bond; least reactive) 


6.19 (b) Bromine becomes bonded to the less highly substituted carbon of tbe double bond, the hydroxy! group to 
the more highly substituted one. 


Br 
| 
(CH3),C=CHCH; 22 (CH), CCHCH; 
2 
HO 
2-Methyl-2-butene 3-Bromo-2-methyl-2-butanol 
B 
(c) (CH35CHCH-—CH; B cue (CHs;CGHOHCESBE 
OH 
3-Methyl-1-butene i-Bromo-3-methyl-2-butanol 
(d) Anti addition occurs. 
| СНз 
BH 
H30 
H 


]-Methylcyclopentene trans-2-Bromo-1-methylcyclopentanot 
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6.20 The structure of allyl bromide (3-bromo-1-propene) is НС=СНСНоВг. Its reaction with hydrogen bromide 
in accordance with Markovnikov's rule proceeds by addition of a proton to the dou bonded carbon that 
has the greater number of hydrogens. 


Addition according to Markovnikov's rule: 


H,C—CHCH)Br + НВг —— CH,CHCHoBr 
Br 
Allyl bromide Hydrogen 1,2-Dibromopropane 


bromide 
Addition of hydrogen bromide opposite to Markovnikov's rule leads to 1,3-dibromopropane. 


Addition opposite to Markovnikov's rule: 


H,C=CHCH,Br + НВг 


BrCH;CH;CH3Br 


Allyl bromide Hydrogen 1,3-Dibromopropane 
bromide 


6.21 (b) Both ends of the double bond in cis-2-butene are equivalently substituted. Therefore, the same product 
(2-bromobutane) is formed by hydrogen bromide addition regardless of whether the reaction is carried 
out in the presence of peroxides or in their absence. 


HG CH3 
ETG + HBr CHSCH2CHCHs 
H H Br 
cis-2-butene Hydrogen 2-Bromobutane 


bromide 


(c) Hydrogen bromide adds to 2-methyl-1-butene in accordance with Markovnikov's rule when peroxides 
are absent. The product is 2-bromo-2-niethylbutane. 


HG H CH 
ES, + HBr CH4CH;CCH3 
CHCH н Br 
2-Methyl- 1 -butene Hydrogen 2-Bromo-2-methylbutane 
bromide 


The opposite regioselectivity is observed when peroxides are present. The product is 
1-bromo-2-methylbutane. 


нс H | єн; 

с=с + HBr .F"* СН.СНСНСН,Вг 
CHCH 4H 

2-Methyl-1-butene Hydrogen 1-Bromo-2-methylbutane 


bromide 
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(d) A tertiary bromide is formed on addition of hydrogen bromide to ethylidenecyclohexane in the absence 


of peroxides. 
Br 
CHCH; + НВг P 
CH2CH3 


Ethylidenecyclohexane Hydrogen 1-Bromo-1-ethylcyclohexane 
bromide 


The regioselectivity of addition is reversed in the presence of peroxides, and the product is 
(1-bromoethyl)cyclohexane. 


id 
ФЕТ + HBr ae ФЕ 


Вг 


Ethylidenecyclohexane Hydrogen (-Вготое ћу )усусјоћехапе 
bromide 


6.22 The structure of disparlure is as shown. 


H dH 


Its longest continuous chain contains 18 carbon atoms, and so it is named as an epoxy derivative of 
octadecane. Number the chain in the direction that gives the lowest numbers to the carbons that bear oxygen. 
Thus, disparfure is cis-7,8-epoxy-2-methyloctadecane. 


6.23 Disparlure can be prepared by epoxidation of the corresponding alkene. Cis alkenes yield cis epoxides upon 
epoxidation, cis-2-Methyl-7-octadecene is therefore the alkene chosen to prepare disparlure hy epoxidation. 


ПН E йыл, program 


H H 


cis-2-Methyl-7-octadecene 


Disparlure 


6.24 The products of ozonolysis are formaldehyde and 4,4-dimethyl-2-pentanone. 


vA N 
H CH;C(CH3)5 


Formaldchyde 4,4-Dimethyl-2-pentanone 
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6.25 


6.26 
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The two carbons that were doubly bonded to eacb other in the alkene become the carbons that are doubly 
bonded to oxygen in the products of ozonolysis. Therefore, mentally remove the oxygens and connect these 
two carbons by a double bond to reveal the structure of the starting alkene. 


P d 
H `°сн,с‹снуу» 


2,4,4- Trimethyl-1 -pentene 


Catalytic hydrogenation of the double bond converts 2,4,4-trimethyl-1-pentene and 2,4,4-trimethyl-2-pentene 
to 2,2,4-trimethylpentane. 


H CH H 

№ ues Haee / Hy, Pt 

yom. or Pm = (CH 3)2CHCH2C(CH3)3 
H CH2C(CH3)3 Н.С C(CH3)5 

2,4,4- Trimethyl-1-pentene 2,4,4- Trimethyl-2-pentene 2,2,4-Trimethylpentane 


This problem illustrates the reactions of alkenes with various reagents and requires application of 
Markovnikov's rule to the addition of unsymmetrical electrophiles. 


(a) Addition of hydrogen chloride to 1-pentene will give 2-chloropentane. 


HoC-CHCH;CH;CH, + HCI CH;CHCH;CH;CH; 
Ci 
1-Pentene 2-Chloropentane 


(b) Electrophilic addition of hydrogen bromide will give 2-bromopentane. 


H,C= CHCH;CH;CH5 + HBr CEDCHCHJCHGUHS 


Br 


2-Bromopentane 


(c) The presence of peroxides will cause free-radical addition of hydrogen bromide, and regioselective 
addition opposite to Markovnikov's rule will be observed. 


peroxides 
———Á— 


H;C—CHCH;CH;CH, + HBr BrCH;CH;CH;CH;CH; 


1-Bromopentane 


(d) Hydrogen iodide will add according to Markovnikov's rule. 


Н›С=СНСН›СНСН; + Ш СНзСНСНСН:СН; 


І 


2-Iodopentane 
(e) Dilute sulfuric acid will cause hydration of the double bond with regioselectivity in accord with 
Markovnikov's rule. 


H250. 
H4C—CHCH;,CHoCH, + но ——— CH;CHCH;CH;CH; 


OH 


2-Pentanol 
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(f) Hydroboration-oxidation of an alkene brings about hydration of the double bond opposite to 
Markovnikov's rule; 1-pentanol will be the product. 


‚ BH 
H5C—CHCH;CH;CH; nome HOCH;CH;CH;CH;CH; 
1-Pentanot 


(g) Bromine adds across the double bond to give a vicinal dibromide. 


CCl4 


H,C=CHCH,CH,CH; + Br BrCH,CHCH;CH/CHs 


Br 


1,2-Dibromopentane 


(А) Уста! bromohydrins are formed when bromine in water adds to alkenes. Br adds to the less 
substituted carbon, OH to the more substituted one. 


H30 


H5C-—CHCH;CH;CH4 + Br; BrCH;CHCH;CH;CH; 


OH 


1-Bromo-2-pentanol 


(i) Epoxidation of the alkene occurs on treatment with peroxy acids. 


Q 
|| 
HC-CHCH;CH,CH, + CHCOOH H,C-CHCH;CH;CH; + CH3COjH 
О 
1,2-Ерохуремапе Acetie acid 
(j) Ozone reacts with alkenes to give ozonides. 
Ox 
H,C=CHCH2CH2CH3 + О НС СНЄН;СН;СН» 
O-O 
Ozonide 


(к) When the ozonide in part (j) is hydrolyzed in the presence of zinc, formaldehyde and butanal are 
formed. 
It 0 
HCH + НССН›СН;СН;з 


О. 
НС” `Снсн›Сн;Сн; 
0-0 


НО 
Zn 


Formaldehyde Butanal 


(D Asan alternative to treating an охоте with HzO and Zn, dimethyl sulfide (CH3) S is often used. The 
products аге the same as in part (k) of this problem. (CH3)2SO (dimethyl sulfoxide) is also formed. 


6.27 When we compare the reactions of 2-methyl-2-butene with the analogous reactions of 1-pentene, we find that 
the reactions proceed in a similar manner. 


(a) (CH3),C=CHCH; + HCl (CH3)2CCH2CH3 
а 


2-Methyl-2-butene 2-Chloro-2-methylbutane 
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(b) 


(c) 


(d) 


(е) 


(Р 


(2) 


(h) 


(i) 


G) 


(k) 


(CH3),C=CHCH3 


(CH3),C=CHCH; 


(CH3),C=CHCH, 


(СНз)>С=СНСН: 


(CH3),C=CHCH; 


(CH y)2C=CHCH, 


(CH3),C=CHCH; + Br 


i 
(CH3),C=CHCH, + CH4COOH 


(CH43),C- CHCH; 


: е 


о Н 
HCY Усен, 
0-0 


+ 


HBr 


HBr 


HI 


HO 


1. В.Н; 
2. НО», НОГ 


Оз 


Но 
Zn 


peroxides 
c ll 


H3804 
— 
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(CHa) ССНОСНа 


Br 


2-Bromo-2-methylbutane 


(CH),CHCHCH, 


Br 


2-Bromo-3-methylbutane 


(На Нона 


1 


2-1080-2-те у бшапе 


(CH3),CCH2CH3 


OH 


2-Methyl-2-butanol 


(CH); CHCHCH; 


OH 
3-MethyI!-2-butanol 


Br 


| 
(CH; CCHCH; 


Br 


2,3-Dibromo-2-methylbutane 


но 


Вг 


| 
На 


ОН 


3-Bromo-2-methyl-2-butanol 


(CH);C-CHCH, + CH;COH 
O 


2,3-Epoxy-2-methylbutane 


H3C 


Н.С 


o H 
AX `У-сн, 
0-0 


Ozonide 


|| | 
CH4CCH3 * HCCH, 


Acetone 


Acetaldehyde 
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(D As an alternative to treating an ozonide with H20 and Zn, dimethyl sulfide (CH4)5S is often used. The 
products are tbe same as in part (К) of this problem. (CH3) SO (dimethyl sulfoxide) is also formed. 


6.28 Cycloalkenes undergo the same kinds of reactions as do noncyclic alkenes. 


CH 
CH; : 
а 
(а) + HCl 
1-Methylcyclohexene I-Chloro-1-methylcyclohexane 


1-Bromo-1-methylcyclohexane 
CH; СНз; 


peroxides 
+ HBr ———- 


CH; 
VES Br 
“(СД ‘+в — (Л 


Br 


1-Bromo-2-methytcyclohexane 
(mixture of cis and trans) 


CH; B 
(d) CY + KE —— LI 


1-Iodo-1-methylcyclohexane 


CH 
CH; 3 
#80, OH 
(e) + HO ——— 
1-Methylcyclohexanol 
CH 
CH3 3 
1. B;Hg "еН 
(Ф 2. H207, HOT р 
ОН 
trans-2-Methylcyclohexanol 
E Br 
СН; 
"СНз 
(8) E dus fe. 
a tex, 
Br 


trans-1,2-Dibromo-1- 
methylcyclohexane 
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OH 


н.о CH3 


Br 


(A) 


trans-2-Bromo-1- 
methylcyclohexanol 


CH3 


У 
~ 
~ 


+ н O + CH,CO;H 


1,2-Epoxy-1-methylcyclohexane 


Qe. 
Jos 
„Сү Сы 
PM 


© 
Ш 


i i 
CH4CCH;CH;CH;CH;CH  6-Oxoheptanal 


(D As an alternative to treating an ozonide with H20 and Zn, dimethyl sulfide (СНз) 5 is often used. The 
products are the same as in part (k) of this problem. (СНз) $0 (dimethyl sulfoxide) is also formed. 


6.29 We need first to write out the structures in more detail to evaluate the substitution patterns at the double 
bonds. 


(a)  i-Pentene Monosubstituted 


(b)  (E)-A,4-Dimethyl-2-pentene trans-Disubstituted 


(c) | (2)-4-Methyl-2-pentene cis-Disubstituted 


BORIS 
"y < 
(d) |(2)-2.2,5,5- Tetramethyl-3-hexene ( ) Two tert-butyl groups cis 


(e) | 2,4-Dimethyl-2-pentene Trisubstituted 


Compound (4), having two cis tert-butyl groups, should have the least stable (highest energy) 
double bond. The remaining alkenes are arranged in order of increasing stability (decreasing 

heats of hydrogenation) according to the degree of substitution of the double bond: monosubstituted, 
cis-disubstituted, trans-disubstituted, trisubstituted. The heats of hydrogenation are therefore: 
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151 kJ/mol (36.2 kcal/mol) 


122 kJ/mol (29.3 kcal/mol) 


114 kJ/mol (27.3 kcal/mol) 


гә 
(b) Pe 111 kJ/mol (26.5 kcal/mol) 


(e) 105 kJ/mol (25.1 kcal/mol) 


6.30 In all parts of this exercise we deduce the carbon skeleton on the basis of the alkane formed on hydrogenation 
of an alkene and then determine what carbon atoms may be connected by a double bond in that skeleton. 
Problems of this type are best done by using carbon skeleton formulas. 


(a) Product is 2,2,3,4,4-pentamethylpentane. The only possible аЖепе precursor is 


4 P: 


(b) Product is 2,3-dimethylbutane. May be formed by hydrogenation of 
Ay or AY 
(c) Product is methylcyclobutane. May be formed by hydrogenation of 


© On Ф-* < 


6.31 Hydrogenation of the alkenes shown will give a mixture of cis- and trans-1,4,-dimethylcyclohexane. 


Н» у р К 
Or H3C СН; + ЊС»" CH4 
catalyst 
mcd у— CH3 cis-t,4-Dimethyleyclohexane trans-1,4-Dimethylcyclohexane 


Only when the methyl groups are cis in the starting alkene will the cis stereoisomer be the sole product 
following hydrogenation. Hydrogenation of cis-3,6-dimethylcyclohexane will yield exclusively 
cis-1,4-dimethylcyclohexane. 
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н; 
Н.С CH, НС CH; 
catalyst 


cís-3,6-Dimethylcyclohexane cis-1,4-Dimethylcyclohexane 


6.32 (a) The desired transformation is the conversion of an alkene to a vicinal dibromide. 


Br; . 
СН„,СН=С(СНн›СН»)» — cc er CEPHE ЧЕНДЕН)» 
| Вг Вг 
3-Ethyl-2-pentene 2,3-Dibromo-3-ethylpentane 


(b) Markovnikov addition of hydrogen chloride is indicated. 


CH4CH-—C(CH;CH4) СНЗСН:С(СНСНз) 


CI 


3-Chioro-3-ethylpentane 


(c) Free-radical addition of hydrogen bromide opposite to Markovnikov's rule will give the required 
regiochemistry. 


CH3CH= C(CH2CH3)2 


CH3CHCH(CH2CH3)2 
Br 


peroxides 


2-Bromo-3-ethyipentane 


(d) Acid-catalyzed hydration will occur in accordance with Markovnikov's rule to yield the desired 
tertiary alcohol. 


CH3CH—C(CH;CH3) CH;CH;C(CH;CH3) 


OH 


3-Ethyl-3-pentanol 


(e) Hydroboration—oxidation results in hydration of alkenes with a regioselectivity opposite to that of 
Markovnikov’s rule. 


1. ВН; 
2. H207, НО" 


CH34CH—C(CH;CH4) CH;CHCH(CH2CH3); 


OH 


3-Ethyl-2-pentanol 


(f) А peroxy acid will convert an alkene to an epoxide. 


О 

i H 

| | CH4COOH Hc ОБН, 
сњенессњену | ————— 

но CH;CH, 


2,3-Bpoxy-3-ethylpentane 


CHAPTER 6: Addition Reactions of Alkenes 165 
(g) Hydrogenation of alkenes converts them to alkanes. 


H2 


СНзСН= C(CH5CH4); 


CH4CH5CH(CH;CHa3); 
3-Bthylpentane 
6.33 (a) Four primary alcohols have the molecular formula С5Ну20: 
сњ 
СЊСЊСЊСЊСЊОН  JCH3CH;CHCH;OH (CH3;CHCH;CH;0H  (CH44CCH;0H 
1-Pentanol 2-Methyl-1-butanol 3-Methyl-1-butanol 22-Dimethyl-I-propanol 


2,2-Dimethyl-1-propanol cannot be prepared by hydroboration—oxidation of an alkene, because no 
alkene can have this carbon skeleton. 


(b) Hydroboration—oxidation of alkenes is the method of choice for converting terminal alkenes to 
primary alcohols. 


e |. В2Нб 
CH4CH;CH;CH- CH; jb. Ho" CH4CH;CH;CH;CH;0H 
1-Pentene 1-Pentanol 
1. В.Н; 
CH4CH;C— CH; = CH4CH;CHCH;OH 
| 2. H205, HO | 
CH, CH; 
2-Methyl-1-butene 2-Methyl-1-butanol 
CHCH-cH, 256 CH4)CHCH;CH;0H 
(СНз) =CH њо, нос (CH3)2 2CH» 
3-Methyl-1-butene 3-Methyl-1-butanol 


(c) The only tertiary alcohol is 2-methyl-2-butanol. It can be made by acid-catalyzed hydration of 
2-methyl-1-butene or 2-methyl-2-butene. 


120, 1680, 
H,C—-CCH;CH; — usi SE (CHs)/CCH;CHs 


CH; OH 
2-Methyl- i-butene 2-Methyl-2-butanol 
H20, H,SO 
(CHy})C=CHCH; ———————- (CH3)/CCH;CHs 
OH 


^72-Métliy1-2-bütene 2-Métliyl-2-büranol 


166 


CHAPTER 6: Addition Reactions of Alkenes 


6.34 (a) Because the douhle bond is symmetrically substituted, the same addition product is formed nnder either 
ionic or free-radical conditions. Peroxides are absent, and so addition takes place by an ionic mechanism 
to give 3-bromohexane. (It does not matter whether the starting material is cis- or trans-3-hexene; both 
give the same product.) 


no peroxides 


CH4CH,CH—CHCH;CH, + HBr CH;CH;CH;CHCH;CHs 
Br 
3-Hexene Hydrogen 3-Bromohexane 
bromide (observed yield 7666) 


(b) In the presence of peroxides, hydrogen bromide adds with a regioselectivity opposite to that predicted by 
Markovnikov's rule. The product is the corresponding primary bromide. 


(CH3),CHCH;CH;CH;CH—CH; тЫ (CH3CHCH;CH;CH;CH;CHoBr 
6-Methyl-1-heptene 1-Bromo-6-methylheptane 


(observed yield 92%) 


(c) Hydroboration-oxidation of alkenes leads to hydration of the double bond with а regioselectivity 
opposite to Markovnikov's rule and without rearrangement of the carbon skeleton. 


C(CH3)3 C(CHa)s 
7 
њс=с“ DT HOCH;CHC(CH3), 
C(CH3) rod 
2-tert-Butyl-3,3-dimethyl-1-butene 2-tert-Butyl-3,3-dimethyl- t-butanol 
(observed yield 6595) 


(d) Hydroboration—oxidation of an alkene leads to syn hydration of the double bond. 


H 
CH; 3 
1. ВН; СН; 
2. Н2О2, HO ^ = ЄН» 
CH; 2 
ОН 
1,2-Dimethylcyclohexene cis-1,2-Dimethyicyclohexanol 


(observed yield 82%) 


(e) Bromine adds across the double bond of alkenes to give vicinal dibromides. 


Br 
CHCI LPS 
H;C-CCH;CH;CH; + Br : BrCH;CCH;CH;CH; - 
CH3 CH3 
2-Methyl-1-pentene 1,2-Dibromo-2-methylpentane 


(observed yield 60%) 
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(f) In aqueous solution, bromine reacts with alkenes to give bromohydrins. Bromine is the electrophile 
in this reaction and adds to the carbon that has the greater nutuber of attached hydrogens. | 


Вг 
5 | 
(CHjgC-CHCH, + Br — . (CHy),CCHCHs 
OH 
2-Methyl-2-butene Bromine 3-Bromo-2-methyl-2-butanol 


(observed yield 77%) 


(g) An aqueous solution of cblorine will react with 1-methylcyclopentene by anti addition. Chlorine is 
the electrophile and adds to the less substituted end of the double bond. 


Cl; 
CH; H;O 


1-Methylcyclopentene trans-2-Chloro-1- 
methylcyclopentanol 


на 


О 
|| 
(ћу Compounds of the type RCOOH are peroxy acids and react with alkenes to give epoxides. 


О О 
|| T 
(CH3)2C=C(CH3)2 + CHCOOH (СИ СО ССНај + CH4COH 


2,3-Dimethyl-2-butene Peroxyacetic acid 2,3-Epoxy-2.3-dimethylbutane Acetic acid 
(observed yield 70-80%) 


(i) The double bond is cleaved by ozonolysis. Each of the doubly bonded carbons becomes doubly bonded 
to oxygen in the product. 


О 


О 
Cyclodecane-1,6-dione 
(observed yield 4596) 


6.35 The product is epoxide B. 


| 
—— + о 
A B 


Major product; 
formed faster 


Epoxidation is an electrophilic addition; oxygen is transferred to the more electron-rich, more highly 
substituted double bond. A tetrasubstituted double bond reacts faster than a disubstituted one. 


6.36 (a) No direct, one-step transformation moves a hydroxyl group from one carbon to another, and so it is not 
possible to convert 2-propanol to 1-propanol in a single reaction. Analyze the problem by reasoning 
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backward. 1-Propanol is a primary alcohol. What reactions are available for the preparation of primary 
alcohols? One way is by the hydroboration—oxidation of terminal alkenes. 


hydroboration-oxidation 


CH,CH= CH; CH4CH;CH;0H 


Propene 1-Propanol 


The problem now becomes the preparation of propene from 2-propanol, The simplest way is by 
acid-catalyzed dehydration. 


" 
CH;CHCH; Hi heats CH;CH=CH, 
OH 
2-Propanol Propene 


After analyzing the problem in terms of overall strategy, present the synthesis in detail showing 
the reagents required in each step. Thus, the answer is 


H2504 1. B2H6 
CHa3CHCH — 7 -  CH;CH—-CH; => CH;CH;CH;OH 
i 3 heat 3 2 39,0, HO Е 
ОН 
2-Propanol Propene 1-Propanol 


We analyze this synthetic exercise in a manner similar to the preceding one. There is no direct 

way to move a bromine from C-2 in 2-bromopropane to C-1 in 1-bromopropane. We can, however, 
prepare 1-bromopropane from propene by free-radical addition of hydrogen bromide in the presence of 
peroxides, 


peroxides 
— ond 


CH4CH—CH; + HBr CH,CH,CH,Br 


Propene Hydrogen 1-Bromopropane 
bromide 


We prepare propene from 2-bromopropane by dehydrohalogenation. 


E2 


сыен; CH,CH= CH; 
Br . 
2-Bromopropane Propene 


Sodium ethoxide in ethanol is a suitable base—solvent system for this conversion. Sodium methoxide 
in methanol or potassium tert-butoxide in tert-butyl alcohol could also be used, as could potassium 
hydroxide in ethanol. 


Combining these two transformations gives the complete synthesis. 


NaOCH;CH; — HBr 
СЕНСЕ СНзСН2ОН, heat Раси peroxides РАИ 


Вг 


2-Вготоргорапе Ргорепе 1-Вготоргорапе 
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(c) Planning your strategy in a forward direction can lead to problems when the conversion of 
2-bromopropane to 1,2-dibromopropane is considered. There is a temptation to try to simply add 
the second bromine by free-radical halogenation. 


Bro, light and heat 


Син о ur 
Вг Вг 
2-Bromopropane 1,2-Dibromopropane 


This is incorrect! There is no reason to believe tbat the second bromine will be introduced exclusively at 
C-1, In fact, the selectivity rules for bromination tell us that 2,2-dibromopropane is tbe expected major 
product. 

The best approach is to reason backward. 1,2-Dibromopropane is a vicinal dibromide, and we 
prepare vicinal dibromides by adding elemental bromine to alkenes. 


CH4CH—CH; + Bt ————— CHa HEER Br 
Br 
Propene Bromine 1,2-Dibromopropane 


As described in part (b), we prepare propene from 2-bromopropane by E2 elimination. The correct 
synthesis is therefore 


NaOCH;CH; Bry 


БН BEH, cmc. CHaCH=CHp - СИЈЕНА 
Вг Вг 
2-Bromopropane Propene 1,2-Dibromopropane 


(d) Do not attempt to reason forward and convert 2-propanol to 1-bromo-2-propanol by free radical 
bromination. Reason backward! The desired compound is a vicinal bromohydrin, and vicinal 
bromohydrins are prepared by adding bromine to alkenes in aqueous solution. The correct solution is 


HS0. Br. 
CH;CHCH; ч CH4CH—CH; MERE сне CH;CHCHoBr 
OH OH 
2-Propanol Propene 1,2-Bromo-2-propanol 


(e) From the structural formula of the desired product, we see that it is a vicinal bromohydrin. Vicinal 
bromohydrins are made from alkenes by reaction with bromine in water. 


BrCHC(CH3)2 is made from = H5C— C(CH4); 
OW 


1-Bromo-2-methyl-2-propanol 2-Methylpropene 


Because the starting material given is tert-butyl bromide, a practical synthesis is 


А NaOCH3CH Bry v— 
(CH3)3CBr CHCH OR” (CH35C—CH; | (CH); CCHoBr 
heat OH 


sert-Butyl bromide 2-Methylpropene 1-Bromo-2-methyl-2-propanol 
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(f Here we have another problem in which reasoning forward can lead to trouble. If we try to conserve the 
oxygen of 2-propanol so that it becomes the oxygen of 1,2-epoxypropane, we need a reaction in which 
this oxygen becomes bonded to C-1. 


ОНО CH3CH CH, 
OH о 
2-Propanol 1,2-Epoxypropane 


This will not work because no synthetic method for such a single-step transformation exists! 
By reasoning backward, recalling that epoxides are made from alkenes by reaction with peroxy 
acids, we develop a proper synthesis. 


ft 
#80, CH;COOH 


CH;CHCHs e CH;CH=CH, — 7 "-  CH;CH-CH; 
OH 
2-Ргорапо} Propene 1,2-Epoxypropane 


(g) tert-Butyl alcohol and isobutyl alcohol have the same carbon skeleton; all that is required is to 
move the hydroxyl group from С-1 to C-2. As pointed out in part (a) of this prohlem, we cannot 
do that directly but we can do it in two efficient steps through a synthesis that involves hydration 


of an aikene. 
850 H20, Н;50, i 
(CH3),CHCH,OH — = (СНз) С=СН ————"-  (CH4,COH 
Isobutyl alcohol 2-Methylpropene tert-Butyl alcohol 


Acid-catalyzed hydration of the alkene gives the desired regioselectivity. 


(А) The strategy of this exercise is similar to that of the preceding one. Convert the starting material 
to an alkene by elimination, followed by electrophilic addition to the double bond. 


KOC(CH3) = HI 
(CH3) CHCH21 ССНУ СОН, heat (CH35C— CH; (CH3)3CI 
Isobutyl iodide 2-Methylpropene terf-Butyl iodide 


(i) This problem is similar to the one in part (d) in that it requires the preparation of a vicinal halohydrin 
from an alkyl halide. The strategy is the same. Convert the alkyl halide to an alkene, and then form the 
halohydrin by treatment with the appropriate halogen in aqueous solution. 


Cl 
CI A „ОН 
NaOCH;CH; Ch 
CY CH4CH;OH © но CY 


Cyclohexyl chloride Cyclohexene trans-2-Chlorocyclohexanol 


CHAPTER 6: Addition Reactions of Alkenes 171 


(G) Halogenation of an alkane is required here. Iodination of alkanes, however, is not a feasible reaction. We 
can make alkyl iodides from alcohols or from alkenes by treatment with НІ. A reasonable synthesis 
using reactions tbat bave been presented to this point proceeds as shown: 


Cl; а NaOCH;CH; HI I 
light CH3CH;0H 


Cyclopentane Cyclopentyl chloride Cyclopentene Cyclopentyi iodide 


(k) Dichlorination of cyclopentane under free-radical conditions is not a realistic approach to the 
introduction of two chlorines in a trans-1,2 relationship without contamination by isomeric 
dichlorides. Vicinal dichlorides are prepared by electrophilic addition of chlorine to alkenes. The 
stereochemistry of addition is anti. 


Cl 


Ci NaOCH;CH; C 
e gs Cl —— MEL сш mec 
light CH3CH;0H 


Cyclopentane Cyclopentyl chloride Cyclopentene trans- 1,2-Dichlorocyclopentane 


(D The desired compound contains all five carbon atoms of cyclopentane but is not cyclic. Two aldehyde 
functions are present. We know that cleavage of carbon-carbon double bonds by ozonolysis leads to two 
carbonyl groups, which suggests the synthesis shown in the following equation: 


OH 
н ОО, H Q ү 
= о и д = HCCH,CH,CH,CH 
heat 2. Zn, ЊО 
Cyclopentanolt Cyclopentene Pentanedial 


6.37 (a) When peroxides are present, hydrogen bromide adds to alkenes by a free-radical chain mechanism. 
Initiation: 


Peroxide dissociation is the first part of the initiation stage. The alkoxy radicals so generated then abstract a 
hydrogen atom from HBr to produce bromine atoms. 


Ri \ OR — 280: 


ы A 


A peroxide Alkoxy radical 


Rd Ys — Кн + dis 


Alkoxy Hydrogen Alcohol Bromine 
radical bromide atom 
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Propagation: 


The propagation phase begins with a bromine atom adding to the double bond in the direction that produces 
the more stable alkyl radical. This radical then abstracts a hydrogen atom from HBr to give the alkyl bromide 
and a bromine atom 


‘Br Ts 2 ——- Вг О о. 
Bromine 1-Octene I-Bromomethyfheptyl radical 
atom 


ES + e: :Вг а ЕЗҮН, + «Вг: 


1-Bromomethylheptyl radical Hydrogen bromide 1-Bromooctane Bromine 
atom 


The bromine atom produced in the second propagation reaction adds to a second 1-octene molecule and the 
two propagation steps repeat over and over. 


(b) Phosphoric acid protonates cyclohexene giving cyclohexyl cation. This carbocation reacts with iodide 
ion to produce iodocyclobexane. The overall reaction corresponds to electropbilic addition of HI. 


О 
“К " i PUE 
TE —0H —- + он 


ОН 
Cyclohexene ud Cyclohexyl cation Dihydrogen 
acid phosphate ion 
£X T: 
T ee 
(+ и— 

as 

Cyclohexyl Iodide ion Iodocyclohexane 
cation 


(c) Tbis reaction follows the conventional mechanism for the acid-catalyzed bydration of alkenes. Water can 
attack the carbocation intermediate from either side giving a mixture of syn and anti addition. 


во | 
— о HORE. 


1,2-Di rui d Hydronium ion 1,2-Dimethylcyclohexyl Water 
cation 

CH3 CH3 

H М H H 
P M io" 

X ee 

H ^H 

CH3 CH3 
1,2-Dimethylcyclohexyi Water 1,2-Dimethylcyclohexyloxonium 


ion ion 
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CH CH 
HH "d H T + 
+ + 30: — 5 + H7O: 
e m a On oy 
CH3 CH3 
1,2-Dimethylcyclohexyloxonium Water H2-Dimethylcyclohexanol Hydronium 
ion ion 
(d) The product, a bromohydrin, is formed when water attacks a bromonium ion. 
OX + В —- CHa + Br 
«Вг; 
+ 
Methylenecyclohexane Bromine Bromonium ion Bromide ion 
H 
и 
+ 
• • : о 
CX ai T : | EM м. d 5 
Ы " ar СН>Вг. 
+ 
Bromonium ion Water 2-Bromomethylcyclohexyloxonium 
ion 
H H H H 
| / | / 
+ toe 
уи" О: + НО: 
oe № —- ee X 
CH Br? H CHjBr: H 
2-Bromomethyicyclohexyloxonium Water 2-Bromomethylcyclohexanol Hydronium ion 


ion 


6.38 The two products formed by addition of hydrogen bromide to 1,2-dimethylcyclohexene cannot be 
regioisomers, Stereoisomers are possible, however. 


СН; БЕ 
: + 
CH; 
CH; 
1,2-Dimethylcyclohexene cis-1,2-Dimethylcyclohexyl — frans-1,2-Dimethylcyclohexyl 
bromide bromide 


The same two products are formed from 1,6-dimethylcyclohexene because addition of hydrogen bromide 
follows Markovnikov's rule in the absence of peroxides. 


1,6-Dimethylcyclohexene cis-],2-Dimethylcyclohexyl — trans-1,2-Dimethylcyclohexyl 
| bromide bromide 
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6.39 The problem presents the following experimental observation: 


CH; СНз H 
H5, Rh H 
+ CH; 
(CH3)3C (CH3)3C (CH3)3C 
H H H 
4-tert-Butyl(methylene)- cis-1-tert-Butyl-4- trans-1-terf-Butyl-4- 
cyclohexane methylcyclohexane (88%) methylcyclohexane (1296) 


This ohservation tells us that the predominant mode of hydrogen addition to the double bond is from the 
equatorial direction. Equatorial addition is the less hindered approach and thus occurs faster. 


Axial addition (slower) 


N сн, 


(CH3)3C Equatorial addition (faster) 


H 


(a) Epoxidation should therefore give the following products: 


HC О 


(CH34C (CH3)3C 


H H 


Major product Minor product 


The major product is the stereoisomer that corresponds to transfer of oxygen from the equatorial 
direction. 


(b) Hydrohoration—oxidation occurs from the equatorial direction. 


СНОН H 


H H 
(CH3)3C (CH3)3C а 


H H 


Major product Minor product 


6.40 The methyl group in compound B shields one face of the double bond from the catalyst surface; therefore, 
hydrogen can be transferred only to the bottom face of the double bond. The methyl group in compound 
A does not interfere with hydrogen transfer to the double bond. 


Top face of double bond 


H3C H3C H 


Open 


Shielded by 
methyl group 


Compound A Compound B 
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Thus, hydrogenation of A is faster than that of B because B contains a more sterically hindered 
double bond. 


6.41 Hydrogen can add to the double bond of 1,4-dimethylcyclopentene either from the same side as 
the C-4 methyl group or from the opposite side. The two possible products are cis- and trans-1,3- 
dimethylcyclopentane. 


CH; СН» CH; 
Н 
2200.5 + 
Pt or Pd 
H3C H3C H3C 
1,4-Dimethylcyclopentene cis-1,3-Dimethyleyclopentane trans-1,3-Dimethylcyclopentane 


Hydrogen transfer occurs to the less hindered face of the double bond, that is, trans to the C-4 methyl group. 
Thus, the major product is cis- 1,3-dimethylcyclopentane. 


6.42 Hydrogen can add to either the top face or the bottom face of the double bond. Syn addition to the double 
bond requires that the methyl groups in the product be cis. 


CH; H CH; 
H 
ЕА Е LH + LCH3 
Pt or Pd 
CH H 
CH; 1 H 


CH3 


6.43 3-Сагепе can in theory undergo hydrogenation to give either cis-carane or trans-carane. 


HL „СН; 


cis-Carane (98%) trans-Carane 
The exclusive product is cis-carane, because it corresponds to transfer of hydrogen from the less 
hindered side. 


This methyl group is cis 
to cyclopropane ring 


cis-Carane 
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6.44 


(a 


— 


(b 


~ 


(с) 
(d) 


6.45 (a) 


(b) 
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NP Sign of 
Reaction is AH? AS? 


(a) exergonic at all temperatures - t 
(b) exergonic at low temperature; endergonic at high temperature - - 
(c) endergonic at all temperatures t - 


(d) endergonic at low temperature; exergonic at high temperature + + 


A reaction will be exergonic at all temperatures when AG? is negative at all temperatures. Therefore, 
AH? should have a negative sign. AS? should have a positive sign to ensure that the —T'AS? term is also 
negative. A reaction that is exergonic at all temperatures is one that is exothermic and proceeds with an 
increase in entropy. 


This case is one in which an increase in temperature reverses an exergonic reaction to an endergonic one. 
Jt must be a reaction in which AS? has a negative sign, so that -TAS° becomes positive as T increases and 
overcomes a negative value for АН“. 


Endergonic at all temperatures is the “worst” case—an endothermic reaction in which entropy decreases. 


Entropy must increase in order for an endothermic reaction (endergonic at low temperature) to become 
exergonic at high temperature. 


AG? for the iodination of ethylene at 25? 


В;С=СНа) + Бе) ICH;CH;l(g) 


can be calculated from the values given for AH? and А$°, 
AG? — AH? — TAS? 
AG? = —48 kJ — (298 K)(—0.13 КУК) 
AG? = —48 kJ + 38.7 КІ 
AG? = —9 КІ 
The equilibrium constant K is calculated from AG?. 
AG? — —RT In K 
—(9 kJ)(1000 МКТ) = —(8.314 J/K)(298 Куп K 


—9000 J = —(8.314 J/K)(298 Кп К 


~9000 J 

In K = ———— M —— = 36 
-(8.314 J/K)(298 К) 

К =е?*° =38 


The sign of AG? is negative; the reaction is exergonic. 
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(c) The sign of AS? is negative. Therefore (- TAS?) becomes increasingly positive as the temperature is 
raised, AG? becomes less negative, and K decreases. 


6.46 Ethylene and propene react with concentrated sulfuric acid to form alkyl hydrogen sulfates. Addition of 
water hydrolyzes the alkyl hydrogen sulfates to the corresponding alcohols. 


H5S0, H;O 

H,C=CH, — ——-  CH&CHj08000H —— CH4CH;OH 
lea 

Ethytene Ethyl hydrogen sulfate Ethanol! 

H,SO, но 

H;C—CHCH4 CH;CHCH, : CH;CHCH; 
7 е 

О8ООН OH 
Propene Isopropyl Isopropyl alcohol 
hydrogen sulfate 


Recall that alkyl suhstituents on the double bond increase the reactivity of alkenes toward electrophilic 
addition. Propene therefore reacts faster than ethylene with sulfuric acid, and the mixture of alkyl hydrogen 
sulfates is mainly isopropyl hydrogen sulfate, and the alcohol obtained on hydrolysis is isopropyl alcohol. 


6.47 The first step in the mechanisun of acid-catalyzed hydration of alkenes is protonation of the double bond to 
give a carbocation intermediate. 


H H 
X ~. + 
:0—H' + H,C=CHCH(CH;), :0: + H4C—CHCH(CH3) 
ТАЧЕР, / 
н 
Hydronium ion 3-Methyl- i -butene Water L2-Dimethylpropyl cation 


(secondary) 


The carbocation formed in this step is secondary and capable of rearranging to a more stable tertiary 
carbocation by a hydride shift. 


+ + 
H4C—CH—C(CH3); He cem 


н | H 


1,2-Dimethylpropyl cation 1,1-Dimethylpropyl cation 
(secondary) (tertiary) 


The alcohol that 15 formed when water reacts with the tertiary carbocation is 2-methyl-2-butanol, not 
3-methyl-2-butanol. 


H 
\ + 
+0: | es CH3CH5C(CH3); CH4CH5C(CH3); a^ CH;CH2CC H3 
| . 
H tof) Өн 
H^***H 


Water 1, 1-Dimethylpropyl cation 2-Methyl-2-butanol 
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6.48 In the presence of sulfuric acid, the carbon-carbon double bond of 2-methyl-1-butene is protonated and 
a carbocation is formed. 


H H 
\+ Yeo єн 3 . CH; 


О—н + H C=C :0: + / 
RO g а =: 
Н CHCH; H CH2CH3 
Hydronium ion 2-Methyl-1-butene Water 1,1-Dimethylpropyl cation 


This carbocation can then lose a proton from its CH, group to form 2-methyl-2-butene. 


H H 
~ is \+ ЕН» 
:0: + ЊС—С + ОН + ЊС—С 
/ А, / 
H CCHCHs H CHCH; 
H 
Walter 1,1-Dimethylpropy! cation Hydronium ion 2-Methyl-2-butene 


6.49 The problem states that a bridged sulfonium ion is an intermediate. Therefore, use the electrons of the 
double bond to attack one of the sulfur atoms of thiocyanogen and cleave the S—S bond in a manner 
analogous to cleavage of a Br—Br bond in the reaction of hromine with an alkene. 


The sulfonium ion is tben attacked by thiocyanate (NCS) to give the observed product, which has the trans 
stereochemistry. 


6.50 Alkenes of molecular formula С.Н. are trimers of 2-methylpropene (C4Hg). The first molecule of 


2-methylpropene is protonated to form tert-butyl cation, which reacts with a second molecule of 
2-methylpropene to give a tertiary carbocation having eight carbons. 


єн; СНз 
(СНз):С + НСС (СНззС-СН›—С+ 

CH; CH; 
tert-Butyl cation 2-Methylpropene 1.1,3,3- Tetramethylbutyl cation 


This carbocation reacts with a third molecule of 2-methylpropene to give a 12-carbon tertiary carbocation. 


t CH3 is CH3 
(CH34C— CH; — Ce + HE (СНз)зС— СН, — ай; 6 Gr 
CH; CH; CH, CH3 


1,1,3,3-Tetramethylbutyl cation 2-Methylpropene 1,1,3,3,5,5-Hexamethylhexyl cation 
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The 12-carbon carbocation can lose a proton in either of two directions to give the alkenes shown. 


OH CH3 çH p To CH3 
+ 
(CH) SC CHO Сва = СР H о ote = S + (еен сене 
СН; CH; CH; CH; CH; CH; 
1.1,3,3,5,5-Hexamethylhexyl cation 2,4,4,6,6-Pentamethyl-1-heptene 2,4,4,6,6-Pentamethyl-2-heptene 


6.51 The carbon skeleton is revealed by the hydrogenation experiment. Compounds B апа C must have the same 
carbon skeleton as 3-ethylpentane. 


Three alkyl bromides have this carbon skeleton, namely, 1-bromo-3-ethylpentane, 2-bromo- 
3-etbylpentane, and 3-bromo-3-ethylpentane. Of these three, only 2-hromo-3-ethylpentane will give two 
alkenes on dehydrobromination. 


B 
о. (only product) 


1-Bromo-3-ethylpentane 


E2 <: 
=== (only product) 
B 


T 


3-Bromo-3-ethylpentane 


K uera 


2-Bromo-3-ethylpentane 3-Ethyl-1-pentene 3-Ethyl-2-pentene 


Compound A must therefore be 2-bromo-3-ethylpentane. Dehydrohromination of A will follow Zaitsev's 
rule, so that the major alkene (compound B) is 3-ethyl-2-pentene and the minor alkene (compound C) is 
3-ethyl- 1-pentene. 


6.52 The information that compound B gives 2,4-dimethylpentane on catalytic hydrogenation establishes its 


carbon skeleton. 
H 
CompoundB  —————- pum 
catalyst 


2,4-Dimethyl pentane 


Compound B is an alkene derived from compound A—an alkyl bromide of molecular formula СУН ;Вг. 
We are told that compound A is not a primary alkyl bromide: Compound A can therefore be only 


Bep lke 
Or 


Because compound A gives a single alkene on being treated with sodium ethoxide in etbanol, it can only be 
3-bromo-2,4-dimethylpentane, and compound B must be 2,4-dimethyl-2-pentene. 


Br 
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NaOCH;CHs EG 


CH3CH,0OH 
Br 
3-Bromo-2,4-dimethylpentane 2,4-Dimethyl-2-pentene 
(compound A) (compound B) 


6.53 Alkene C must have the same carbon skeleton as its hydrogenation product, 2,3,3,4-tetramethylpentane. 


H2 


Alkene C 
catalyst 


2,3,3,4-Tetramethylpentane 


The only alkene with this carbon skeleton is 2,3,3,4-tetramethyl-1-pentene, alkene C. The two alkyi 
bromides, compounds A and B, that give this alkene on dehydrobromination have their bromine substituents 
at C-1 and C-2, respectively. 


KOC(CH3)3, 


dimethyl sulfoxide 
Br А 


1-Bromo-2,3,3,4-tetramethylpentane 2 
Вг 
2,3,3,4-tetramethyl-1-pentene 
KOC(CH3), 
dimethyl sulfoxide 


2-Bromo-2,3,3,4-tetramethylpentane 


6.54 The only alcohol (compound A) that can undergo acid-catalyzed dehydration to alkene B without 
rearrangement is the one shown in the equation. 


H 
KHSO, 
== 
heat 
HO -H0 

Alcohol A Alkene B 


Dehydration of alcohol A also yields an isomeric alkene under these conditions. 


H H 
KHSO4 
heat 
HO 


-H20 


Alcohol A Alkene C 
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6.55 First decide what three alkenes can be formed by dehydration of 1,2-dimethylcyclohexanol. 


OH 
CH; CH; CH; CH; 
H30*, heat СТ or СХ 
———— + + 
СН; CH3 CH; CH; 


A B [9 


Notice that the three alkenes differ in the regioselectivity of dehydration and that each will give 1,2- 
dimethylcyclohexane on catalytic hydrogenation. Assigning structures to the alkenes on the basis of Zaitsev's 
rule gives A, B, and C as indicated in the equation. A has the least substitnted double bond and is formed in 
the smallest amount. C has the most substituted double bond and is formed in greatest amount. A is the least 
stable alkene and is present in the smallest amount at equilibrium. C has the most stable double bond and 
predominates at equilibrium. 


6.56 Electrophilic addition of hydrogen iodide should occur in accordance with Markovnikov's rule. 


HI 
H,C-CHC(CH); zx. zo СНЗСНССНз) 


3,3-Dimethyl-1-butene 3-lodo-2,2-dimethylbutane 


Treatment of 3-iodo-2,2-dimethylbutane with alcoholic potassium hydroxide should bring about 

E2 elimination to regenerate the starting alkene. Hence, compound A is 3-iodo-2,2-dimethy butane. 
The carbocation intermediate formed in the addition of hydrogen iodide to the alkene is one that can 

rearrange by a methyl group migration. 


CH3 methyl CH3 
H-C=CHC + + migration | + 

= (CH; + H H4C-CH-CCH; H,C-CH-CCH; 
CH3 CH; 

p I 
Ss (CH CH "EXCESS 

I 1 

Compound А Сотрошпа В 


(2-iodo-2,3-dimethylbutane) 


A likely candidate for compound B is therefore the one with a rearranged carbon skeleton, 2-iodo-2,3- 
dimethylbutane. This is confirmed by the fact that compound B undergoes elimination to give 2,3-dimethyl- 


2-butene. 
(CH3)/CH—-C(CH3); Е (CH3)9 —C(CH3» 
I 
Compound B 2,3-Dimethy]-2-butene 


6.57 The ozonolysis data are useful in quickly identifying alkenes A and B. 


И | 
HCH + (CH3)3CCC(CH3)3 


Compound A 
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Compound A is therefore 2-tert-butyl-3,3-dimethyl-1-butene. 


pe 
(СНз)зССС(СНз)з 
Compound А 
Р 
Compound B HCH + CIDO ОРСОН 


CH3 
Compound B is therefore 2,3,3,4,4-pentamethyl-1-pentene. 
Hor СНз 
Стао ÇC(CH) 
CH; 


Compound B 


Compound B has a carbon skeleton different from the alcohol that produced it by dehydration. 
We are therefore led to consider a carbocation rearrangement. 


Cs i ge 
(CH3)3C— er о == СС(СНз)з (СНз)зС— СС(СН3з)з 
OH CH3 
Compound A 
methyl 
migration 
сн (8 ast CH, СНз 
CH,C— CC(CH3) CHC —CC(CH) 
CH3 CH3 
Compound B 


6.58 The important clue to deducing the structures of A and B is the ozonolysis product C. Remembering that the 
two carbonyl carbons of C must have been joined by a double bond in the precursor B, we write 


H 
Co. These two carbons 
О must have been 
O ee connected by a 
double bond. CH; 
CH3 
Compound C 


Compound B 
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The tertiary bromide that gives compound B on dehydrobromination is 1-methylcyclohexyl bromide. 


NaOCH;CH; 
CH,  CH;CH,OH 
2 CH 


Br 3 


Compound A Compound B 


When tertiary halides are treated with base, they undergo E2 elimination. The regioselectivity of elimination 
of tertiary halides follows the Zaitsev rule. 


6.59 Because santene and 1,3-diacetylcyclopentane (compound A) contain the same number of carbon atoms, the 
two carbonyl carbons of the diketone must have been connected by a double bond in santene. The structure 
of santene must therefore be 


3 


РС KH 
С=С CH; 
e. more appropriately represented as 


CH, 


6.60 (а) Compound A contains nine of the ten carbons and 14 of the 16 hydrogens of sabinene. Ozonolysis has 
led to the separation of one carbon and two hydrogens from the rest of the molecule. The carbon and the 
two hydrogens must have been lost as formaldehyde, ЊС=0 . This Н.С unit was originally doubly 


bonded to the carbonyl carbon of compound A. Sabinene must therefore have the structure shown in the 
equation representing its ozonolysis: 


СН» О 
H H 
1.0, Me 
T | 
2. Н2О, Zn 
CH(CH); CH(CH3); 
Sabinene Compound A Formaldehyde 


(b) Compound B contains all ten of the carbons and all 16 of the hydrogens of A?-carene. The two carbonyl 
carbons of compound B must have been linked by a double bond in A5-carene. 


Cleaved by ozonolysis 


| О 
i 
Н.С H CH.CCH; — снен 
ч ‘=> Е. Оз A 7, 
2. H20, Zn H H 
Н” H В.С CH3 


In 5 


A’-Carene Compound B 
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6.61 The sex attractant of the female housefly consumes one mole of hydrogen on catalytic hydrogenation (the 
molecular formula changes from СН to СА). Thus, the molecule has one double bond. The position 


of the double bond is revealed by the ozonolysis data. 


О 
|| il 
C23H46 CH3(CH2)7CH + CHa(CH54;,CH 


1.03 
2. H20, Zn 
An unbranched 9-carbon unit and an unbranched 14-carbon unit make up the carbon skeleton, and these two 
units must be connected by a double bond. The housefly sex attractant therefore has the constitution 
CH3(CH2CH—CH(CH5)!2CH4 

9-Tricosene 


The data cited in the problem do not permit the stereochemistry of this natural product to be determined. 


6.62 The hydrogenation data tell us that C45H45 contains one douhle bond and has the same carbon skeleton as 


2,6,10,14-tetramethylpentadecane. We locate the double bond at C-2 on the basis of the fact that acetone, 
(CH3),C—90, is obtained on ozonolysis. The structures of the natural product and the aldehyde produced on 
its ozonolysis are as follows: 


рече Ox | 


H 


Ozonolysis cleaves molecule here. Aldehyde obtained on ozonolysis 


6.63 Because HCCH,CH is one of the products of its ozonolysis, the sex attractant of the arctiid moth must 
contain the unit —=CHCH,CH=. This unit must be bonded to an unbranched 12-carbon unit at one end and 
an unbranched 6-carhon unit at the other in order to give CH3(CH2);gCH=O апа CH3(CH2)4CH=O оп 
ozonolysis. 


CH3(CHp)oCH4=CHCH)CH=® CH(CH2)4CH; 


Sex attractant of arctiid moth 
(wavy lines show positions of cleavage on ozonolysis) 


Т. Оз 
2. H50, Zn 


i Yo i i 
CH4(CHj4gCH +  HCCH;CH + HC(CH;4CHs 


The stereochemistry of the double bonds cannot be determined on the basis of the available information. 


CHAPTER 6: Addition Reactions of Alkenes 185 


6.64 Reaction of iodine with the alkene forms an iodonium ion intermediate. The carbonyl oxygen acts as a 
nucleophile and attacks the most accessible carbon, the iodonium ion. Loss of a proton from this intermediate 
gives the product shown. 


q^ SE + 3h 
И 


/ i —— 
NC D c 0, 
gt o^ d: 
H » 
Т 
| м— 
Н 
0-С 


ANSWERS ТО INTERPRETIVE PROBLEMS 


6.65 A; 6.66 B; 6.67 C; 668 D; 6.60 A; 6.70 В 


SELF-TEST 


1. How many different alkenes will yield 2,3-dimethylpentane on catalytic hydrogenation? Draw their 
structures, and name them. 


2. Write structural formulas for the reactant, reagents, or product omitted from each of the following: 


Н;504 (dilute) 


(а) (CH3),C=CHCH; 


"Qum 


+ О 5 HAO, Zn О 
CH НО 
Е Or + Bn : ? 
3. Provide a sequence of reactions to carry out the following conversions. More than one synthetic 


step is necessary for each. Write the structure of the product of each synthetic step. 
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СН» 


CH; 

OH 
«О — ст 
"он 


Cl О 

| ÁN 
(b) CH4CH;CHCH(CH3), CH4CH;CH—C(CH3); 
(c) (EBBECHGER (CH3)4CCH;CH5Br 

Br 


4. Provide a detailed mechanism describing the elementary steps in the reaction of 1-butene with 
HBr in the presence of peroxides. 


5. Chlorine reacts with an alkene to give the 2,3-dichlorobutane isomer whose structure is shown. 
What are the structure and name of the alkene? Outline a mechanism for the reaction. 


Cl cl 
H3C CH; 


6. Write a structural formula, including stereochemistry, for the compound formed from cis-3-hexene 
on treatment with peroxyacetic acid. 


7. Give a mechanism describing the elementary steps in the reaction of 2-methyl-1-butene with hydrogen 
chloride. Use curved arrows to show the flow of electrons. 


8. What two alkenes give 2-chloro-2-methylbutane on reaction with hydrogen chloride? 


9. Give the major organic product formed from the following sequence of reactions. 


Bry NaOCH2CH3 1. BoHg 9 
= ве eo 1 
light CH4CH;0H 2. НО, НО" 
10.  Thereaction of 3-methyl-1-butene with hydrogen chloride gives two alkyl halide products; one is a 


secondary alkyl chloride and the other is tertiary. Write the structures of the products, and provide a 
mechanism explaining their formation. 


11. А hydrocarbon A (С.Н) undergoes reaction with HBr to yield compound В (СЕН, 3Br). Treatment of В 


with sodium ethoxide in ethanol yields C, an isomer of A. Reaction of C with ozone followed by treatment 
with water and zinc gives acetone, (CH3),C=O, as the only organic product. Provide structures for A, B, and 


C, and outline the reaction pathway. 


CHAPTER 7 


Stereochemistry 


SOLUTIONS TO TEXT PROBLEMS 


7.1 (с) Carbon-2 is a chirality center in 1-bromo-2-methylbutane. The four groups attached to it, 
H, CH}, СЊСЊ, and ВгСН,, are different from each other. 


H 
| 
BrCH»— С Tm CH;CH4 
CH; 


(d) There are no chirality centers in 2-bromo-2-methylbutane. 


rd 
Bee Cee 
CH; 


7.2 (Б) Carbon-2 is a chirality center in 1,1,2-trimethylcyclobutane. 


CH, 
A chirality center; the four groups to which it 
H is directly bonded [H, CH3, СН», and C(CH3);] 
CH; are ali different from one another. 


1,1,3- Trimethylcyclobutane, however, has no chirality centers. 


Н.С СН; 
XOX—— Not a chirality center; 
H3C H two of its groups are the same. 
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7.3 (b) (Z)-1,2-Dichloroethene has two planes of symmetry, of which one is the plane of the molecule and the 
second bisects the сафоп-сагБоп bond. The molecule is achiral. 


Planes of symmetry 


(c) A plane of symmetry in cis-1,2-dichlorocyclopropane bisects the C-1~C-2 bond and passes through 
C-3. The molecule is achiral. 


CL i CI 
Yr 
H H 


(d) trans-1,2-Dichlorocyclopropane lacks a plane of symmetry. Its two mirror images cannot be 
superimposed on each other. The molecule is chiral. 


H and cua are nonsuperimposable 


Cl ihe 
S mirror images 
H Cl Cl H 
7.4 (a) trans-1,3-Cyclobutanediol, when the carbon atoms are in the same plane, has a plane of symmetry that 
passes through the two carbons containing the hydroxy substituents. Rotating the molecule where the four 
carbons are in the plane of the paper, the plane of symmetry is then perpendicular to the paper as shown. 


Rotate to place 
OH ali carbon atoms Plane of symmetry 


H in the plane of paper. LS contains the two 
u NE substituted carbons 
and their hydraxy groups. 
HO H М It is perpendicular to the paper. 


(b) cis-1,3-Cyclobutanediol does not contain a center of symmetry. It does have two planes of symmetry 
and is thus achiral. 


В, 2 | .OH 
^, \\ И; > 
H | > н 
Ww 


7.5 Optical purity = percent of one enantiomer — percent of the other enantiomer 
Limonene that is 95% optically pure contains 97.5% of one enantiomer and 2.5% of other. 
7.6 The equation relating specific rotation [0] to observed rotation o is 


100a 
[a] === 
cl 
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The concentration c is expressed in grams per 100 mL and the length / of the polarimeter tube in decimeters. 
Because the problem specifies the concentration as 0.3 g/15 mL and the path length as 10 cm, the specific 
rotation [0] is 


100(-0.78°) 


E Озе || 10cm | 
100 [. S8 10cm/dm 


[a] 


= -39° 


7.7 From the previous problem, the specific rotation of natural cholesterol is [0] = —39?. The mixture of natural 
(—)-cholesterol and synthetic (4-)-cholesterol specified in this problem has a specific rotation [0] of -13?. The 
optical purity is 33.3% [(— 13? /— 39°) (100)]. 

Optical purity = %(-) - cholesterol – %(+) - cholesterol 
33.3% = 96(—) - cholesterol – [100 — %(—) - cholesterol] 
133.3% = 2[96(—) - cholesterol] 
66.7% = %(-) - cholesterol 


The mixture is two-thirds natural (—)-cholesterol and one-third synthetic (+)-cholesterol. 


7.8 Draw the molecular model so that it is in the same format as the drawings of (+) and (—)-2-butanol 
in the text. 


Reorient the molecule so that it can be compared with the drawings of (+) and (—)-2-butanol. 


HO H CH3CH3 xd 
Reorient Ке which becomes сон 
Н.С CH;CH4 Н.С 


The molecular model when redrawn matches the text’s drawing of (+)-2-butanol. 


7.9 (b) The solution to this problem is analogous to the sample solution given in the text to part (a). 


HC 
C—CH;F 
CH3CH; 


(+)-1-Fluoro-2-methylbutane 


Order of precedence: CH;F > CH3CH» >CH3 >Н 
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The lowest-ranked atom (H) at the chirality center points away from us in the drawing. The three higher- 
ranked substituents trace a clockwise path from СЊЕ to CH,CH; to CH}. 


BCA a es 
| 
CH;CH; 
The absolute configuration is А; the compound is (R)-(4)-1-fluoro-2-methylbutane. 


(c) The highest-ranked substituent at the chirality center of 1-bromo-2-methylbutane is CH,Br, and the 
lowest-ranked atom is H. Of the remaining two, ethyl outranks methyl, 


Order of precedence: CH; Br» CH .CH3 > СНз >Н 


The lowest-ranked atom (H) is directed toward you in the drawing, and therefore the molecule needs to 
be reoriented so that H points in the opposite direction. 


Сз H cg, 
“б—снувг co BCH С, 
СЊСН; | CH;CH; 
Turn 180?. 


(+)-1-Bromo-2-methylbutane 


The three highest-ranking substituents trace a counterclockwise path when the lowest-ranked 
atom (H) is held away from you. 


BrCH2 „СН» 
T 
CHCH; - 
The absolute configuration is S, and thus the compound is (S)-(-)-1-bromo-2-methylbutane. 


(d) The highest-ranked substituent at the chirality center of 3-buten-2-ol is the hydroxyl group, and the 


lowest-ranked atom is H. Of the remaining two, vinyl outranks methyl. 


Ми 


Order of precedence; НО > H;C—CH > СНз >Н 


The lowest-ranked atom (Н) is directed away from you in the drawing. We see that the order of 
decreasing precedence appears in a counterclockwise manner. 


mc! Y X 
3 > — 
aq: Н.С CH=CH, 
C~ CH=CH bd 
HO OH 


(+)-3-Buten-2-ol 
The absolute configuration is 5, and the compound is (S)-(+)-3-buten-2-ol. 


7.10 (b) The chirality center is the carbon that bears the methyl group. Its substituents are 
— CF,CH, > —CH»CF2 > CH; > Н 


Highest Lowest 
rank rank 
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When the lowest-ranked substituent points away from you, the remaining three must appear 


in descending order of precedence in a counterclockwise fashion in the 5 enantiomer. 
(S)-1,1-difluoro-2-methylcyclopropane is therefore 


H ©; 
Femy 
Е 
7.11 (а) Begin by converting the Fischer projection to a perspective (three-dimensional) representation, 
rememhering that the vertical bonds at the chirality center are directed away from you and the horizontal 
bonds are directed toward you. 
CH;0H СНОН 
H oH isthe нон 
same as = 

CHCH; CH2CH3 
Now rotate the three-dimensional representation so that the lowest-ranked atom (H) points away from 
you. You can then see that the order of decreasing precedence OH > CH2OH > СНоСНза > Н traces 
a clockwise path. The absolute configuration is R. 

CH,0H CH;OH 
H = OH Rotate 180° around HO foe HO CH;0H 
5 vertical axis. 
CH3CH3 CH5CH; СЊСНа 
(b) 
Step 3; Orient molecule so that Sten 4: F 
CHO lowest priority (H) is p 4: Por groups 
CHO Step I: E poinüng away Оне с) remaining. 
тыт —— СВ ~ (== ДИ Пир ЕРЕ ЛЕ ЫСЫ NE highest to lowest, 
HO H Redraw with HO С H (behind chiral carbon). ( C—OH OH to CHO to CH,OH, 
СНОН еч вы z HOCH is counterclockwise. 
СНОН 2 


Configuration is 5. 
Step 2: Assign priority of groups. 


Order of decreasing priority is 
ОН > CHO > СЊФОН > H. 


7.12 (b) As in part (a), exchanging any two groups in a Fischer projection converts it to the mirror image. Thus, 


exchanging the positions of СНз and CH2CHs3 in the Fischer projection of (R)-2-hutanol converts the 
configuration of the chirality center to 5. 


CH, 


CH;CH; 
Wo 


Exchange positions 
ee НО H 
of CH; and СЊСНз. 
CH;CH; CH; 


(R)-2-Butanol (S)-2-Butanol 
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(c) Switching the positions of three groups gives a Fischer projection that looks different but leaves 
the configuration of the chirality center unchanged. 


CH; H 
HO H Switch positions HO CHCH 
of СН», CH;CH;, and H. 2-99 
СН›СН» CH; 
(R)-2-Butanol (R)-2-Butanol 


(d,e) Switching H with OH and СНз and CH,CHs3 has the same effect as rotating the Fischer projection 
180°. The resulting projection has the same configuration at the chirality center as the original. 


CH; СЊСНз 
Rotate projection 180? 
HO H м Н ОН 
around axis perpendicular 
CH;CH; to the page. CH; 
(R)-2-Butanol (R)-2-Butanol 


7.13 Begin by using the molecular model of thalidomide in the text to draw a perspective view, paying particular 
attention to the configuration of the chirality center. 


О a 


Thalidomide 


The four groups attached to the chirality center, in order of decreasing precedence, are 


~ b: N 
М > С=О > CH, > H— 
A Z и 
These groups trace а clockwise path with the lowest-ranked group (H) pointing away from us. The molecular 
model of thalidomide is the R enantiomer. 


CH, 


7.14 In this case, the enantiomers are more easily interconverted by rotation about the single bond that connects 
the two benzene rings. When substituents occupy the 2,6 and 2’,6’ positions, the steric hindrance is high and 
the energy barrier for rotation is high. With only hydrogens at these positions, the energy barrier for rotation 
is low. 
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7.15 The top and bottom faces of the double bond in (E)-3-methyl-2-hexene are enantiotopic. Addition of 


7.16 


7.17 


7.18 


hydrogen to either the top or the bottom face occurs at the same rate, so a racemic (1:1) mixture of the two 
enantiomers of 3-methythexane is formed. 


H3C. „CH3 
C=C 


H CH3CH3CH; 


H С 
PL CH,CH;CHCH;CH;CH; 


3-Methylhexane 


(E)-3-Methyl-2-hexene 
(chiral, but racemic) 


(achiral) 
The two carboxyl groups at the ends of the five-carbon chain in citric acid are enantiotopic. 


OH 
HO;CCH;CCH;CO;H 


| болн / 


These carboxyl groups 
are enantiotopic. 


Replacing one of them will give an enantiomer of the structure obtained by replacing the other. 


HO СОН 


) 

~ c 
N 

XCH// 'CH,CO,H 


HO COH 
: А NS 
is the enantiomer of 
x NN, 
HO;CCH; CH;X 


In order of decreasing precedence, the substituents attached to the chirality center in lactic acid are — OH, 
— СОН, —CH;, and —H. The Fischer projection given for (+)-lactic acid (a) corresponds to the three- 
dimensional representation (b), which can be reoriented as in (c). When (c) is viewed from the side opposite 
the lowest-ranked atom (H), the order of decreasing precedence is counterclockwise, as shown in 

(d). (+)-Lactic acid has the 5 configuration. 


KCN 
COH rd HO GOH НОС OH 
HO H | HO-—-C-H C—H CT 
CH; CH; H3C CH; 
(a) (b) (c) (d) 
1 
COH COH COH COH 
211 5 R S 
OH HO H H OH HO H 
нон но—Ё-н но-—#-н нон 
“СН: CH; CH3 CH; 
Erythro Erythro Threo Threo 
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7.19 The erythro stereoisomers are characterized hy Fischer projections in which analogous substituents, in this 


7.20 


7.21 


7.22 


case OH and МН», are on the same side when the carbon chain is vertical. There are two erythro 


. Stereoisomers that are enantiomers of each other: 


CH; CH; 
H OH HO H 
H NH, HN H 

CH; CH; 

Erythro Егућго 


Analogous substituents are on opposite sides in the threo isomer: 


CH; CH; 
H OH HO H 
HN H H МН, 
CH; CH; 
Threo Threo 


3-Amino-2-butanol has four stereoisomeric forms 
(2R,3R) and its enantiomer (25,35) 
(2R,3S) and its enantiomer (2S,3R) 


In the text, we are told that the (2R,3R) stereoisomer is a liquid. Its enantiomer (25,35) has the same physical 
properties and so must also be a liquid. The text notes that the (2R,35) stereoisomer is a solid (mp 49?C). Its 
enantiomer (25,37) must therefore be the other stereoisomer that is a crystalline solid. 


The (1R,2R) and (15,25) enantiomers have the same relative configuration. Both are trans isomers. 


H Cl Cl H 
WX Xs 


Examine tbe structural formula of each compound for equivalently substituted chirality centers. The only one 
capable of existing in a meso form is 2,4-dibromopentane. 


CH; 
Equivalently substituted H B Plane of 
chirality centers r I di symmetry 
RENE H Иня 
CH4CHCH;CHCH; 
| | H Br 
Br Br 
CH; 
2,4-Dibromopentane Fischer projection of 


meso-2,4-dibromopentane 
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None of the other compounds has equivalently substituted chirality centers. No meso forms are 


possible for 
OH 
CH3CHCHCH;CH; CH,CHCHCH,CH, CH3CHCH;CHCH4 
Br Br br ón br 
2,3-Dibromopentane 3-Bromo-2-pentanol 4-Bromo-2-pentanol 
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7.23 The cis stereoisomer of 1,3-dimethylcyclohexane has a plane of symmetry, and so it is an achiral substance— 


it is a meso form. 


Plane of symmetry passes through 
C-2 and C-5 and bisects the ring. 


The trans stereoisomer is chiral. It is not a meso form, 


7.24 A molecule with three chirality centers has eight (2) stereoisomers. The eight combinations 
of R and 5 chirality centers are 


Chirality center Chirality center 
123 123 
Isomer 1 RRR Isomer 5 SSS 
Tsomer 2 RRS Isomer 6 SSR 
Isomer 3 RSR Isomer 7 SRS 
Isomer 4 SRR Isomer 8 RSS 


7.25 2-Ketohexoses have three chirality centers. They are marked with asterisks in the structural formula, 
О OH 
ak 


| a 
HOCH,CCHCHCHCH,OH 
OH OH 


No meso forms are possible, and so there is a total of eight (23) stereoisomeric 2-ketohexoses. 


7.26 Epoxidation of (Z)-2-butene gives the meso (achiral) epoxide. Oxygen transfer from the peroxy acid 
can occur at either face of the double bond, but the product formed is the same because the two 
mirror-image forms of the epoxide are superimposable. 


Hic 5 5 сњ 
R T duin 5 
н. Бо ке EEG As CH; 
gH H H 


meso-2,3-Epoxybutane meso-2,3-Epoxybutane 
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Epoxidation of (£)-2-butene gives a racemic mixture of two enantiomeric epoxides. 


НзС CH3 
> | | $ 
СНзСООН CHCOOH 
H H 
ГО ong 
H4C H H сн; 
(2R,3R)-2,3-Epoxybutane (25,35)-2,3-Epoxybutane 


7.237 The observed product mixture (68% cis-1,2-dimethylcyclohéxane: 32% trans-1,2-dimethylcyclohexane) 
contains more of the less stable cis stereoisomer than the trans. The relative stabilities of the products 
therefore play no role in determining the stereoselectivity of this reaction. 


7.28 The tartaric acids incorporate two equivalently substituted chirality centers. (+)-Tartaric acid, as noted in the 
text, is the 2R,3R stereoisomer. There will be two additional stereoisomers, the enantiomeric (—)-tartaric acid 
(28,35) and an optically inactive meso form. 


сон COH Plane of symmetry 
HO H 
H OH 
COH CO;H 
(25,35)- Tartaric acid meso-Tartaric acid 
(optically active) (optically inactive) 
(mp 170°C, [о]р – 12?) (mp 140°C) 


7.29 No. Pasteur separated an optically inactive racemic mixture into two optically active enantiomers. À meso 
form is achiral, is identical to its mirror image, and ts incapable of being separated into optically active 
forms. 


7.30 The more soluble salt must have the opposite configuration at the chirality center of 1-pbenylethyl-amine, 
tbat is, the 5 configuration. The malic acid used in tbe resolution is a single enantiomer, 5. In this particular 
case the more soluble salt is therefore (5)-1-phenylethylammonium (5)-malate. 


7.31 In an earlier exercise (Problem 4.27), the structures of all the isomeric С5Н,2О alcohols were presented. 
Those that lack a chirality center and thus are achiral are 


CHaGCH;CH;CH;CH;OH . CHS3CHCH;CH;0H (CH3)3CCH,0OH 


CH3 
1-Pentanol 3-Methyl-1-butanol 2,2-Dimethyl-1-propanol 
CH; 
лао о ОН 
OH CH; 


3-Pentanol 2-Methyl-2-bntanol 
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The chiral isomers are characterized by carbons tbat bear four different groups. These are 


CH;CHCH;CH;CH; CH;CHCH(CHS) CH;CH,CHCH;OH 
OH OH CH; 


2-Pentanol 3-Methyl-2-butanol 2-Methyl-I-butanol 


7.32 The isomers of trichlorocyclopropane are 


C СІ 


за Са А ^ 
H : H н. H 
Enantiomeric forms of E, E2-trichlorocyclopropane cis- 1,2,3- Trichlorocyclopropane trans-1,2,3-Trichlorocyclopropane 
(both chiral) (achiral—contains a plane of symmetry) (achiral—contains a plane of symmetry) 


7.33 (а) Carbon-2 is a chirality center in 3-chloro-1,2-propanediol. Carbon-2 has two equivalent substituents in 
2-chloro-1,3-propanediol and is not a chirality center. 


C HD УЗ E 
OH а 


3-Chloro-1,2-propanediol 2-Chloro-1,3-propanediol 
Chiral Achiral 


(b) The primary bromide is achiral; the secondary bromide contains a chirality center and is cbiral. 
CH3CH— CHCH?Br СН:СНСН== СН; 
bs 
Achiral Chiral 


(c) Botb stereoisomers have two equivalently substituted chirality centers, and so we must be alert for the 
possibility of a meso stereoisomer. The structure at the left is chiral. The one at the right has a plane of 
symmetry and is the achiral meso stereoisomer. 


CH3 CH; Plane of symmetry 
HN H H NH; 
H МН» H NH; 
CH; CH3 
Chiral Meso: achiral 


(d) The first structure is acbiral; it has a plane of symmetry. 


1 


Plane of symmetry passes through C-1, C-4, and C-7. 


CI 
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The second structure cannot be superimposed on its mirror image; it is chiral. 


Cl 


|| 


cl Ci 


Reference structure Mirror image Reoriented mirror image 


(e) cis-1,3-Cyclohexandiol has a plane of symmetry that passes through the molecule at C-2 and C-5. It is 
achiral. The trans isomer lacks a plane of symmetry and is chiral. 


OH 
1 
6 
3 OH 
3 2 
4 OH OH 


(f) cis-3-Methylcyclohexanol lacks a plane of symmetry and is chiral. trans-4-Methylcyclohexanol has a 
plane of symmetry that passes through the molecule at C-1 and C-4. It is achiral. Note also that it does 
not possess a chirality center. 


CH; , 
1 6 
OH 2 OH 


7.34 There are four stereoisomers of 2,3-pentanediol, represented by the Fischer projections shown. All are chiral. 


CH; CH; CH; CH; 

H OH HO H H OH HO H 

H OH HO H HO H H OH 
CHCH; CHCH; CHCH; CHCH; 


Enantiomeric erythro isomers Enantiomeric threo isomers 


2,4-Pentanediol has three stereoisomers. The meso form is achiral; both threo forms are chiral. 


CH; CH; CH; 

H OH H OH HO H 

H H H H H H 

H OH HO H H OH 
CH; CH; CH; 


meso-2,4-Pentanediol Enantiomeric threo isomers 
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7.35 Among the atoms attached to the chiralty center, the order of decreasing precedence is Br > Cl > F > H. 
When the molecule is viewed with the hydrogen pointing away from us, the order Вг — Cl — F appears 
clockwise in the R enantiomer, counterclockwise in the 5 enantiomer. 


Е Вг Вг 
Fe 
а-н С—С] е 
/ 
Вг Н Н 
R-(-) S-(+) R-C) 5-(+) 


7.36 (a) The order of substituent precedence at the chirality center is 


HO » CH9CH; > CH; >Н 


The molecule is oriented so that the lowest-ranking substituent is directed away from you and the order 
of decreasing precedence is clockwise. (—)-2-Octanol has the R configuration. 


OH 
HQ H ba 
bum CH; CH;CH, 


Nu 


(b) In order of decreasing sequence rule precedence, the four substituents at the chirality center of 
monosodium L-glutamate are 


+ 
NH; > CO; > CH) >H 


CO, CO; 
нА is the same as H N= СН 
CH;CH;CO; Nat CH;CH;CO; Ма“ 


When the molecule is oriented so that the lowest-ranking atom (hydrogen) is directed away from you, 
the other three substituents are arranged as shown. 


ЛОС» 
оС NH3 
СЊСЊСО Nat 


The order of decreasing rank is counterclockwise; the absolute configuration is S. 


7.37 (a) Among the isotopes of hydrogen, T has the highest mass numher (3), D next (2), and H lowest (1). Thus, 
the order of rank at the chirafity center in the reactantis CH; > Т> D > H: The order of rank in the 


product is HO > СН; > T » D. 
E T 
~ biological oxidation <> 
C—CH3 ^  — —* у es 


HO 
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Orient with lowest-ranked substituent away from you. 


y x XU Me 
bd HC T 
CH3 OH 


The order of decreasing precedence in the reactant is counterclockwise; the configuration is S. The order 
of decreasing precedence in the product is clockwise; the configuration is R. 


(b) Retention of configuration means that the three-dimensional arrangement of honds at the chirality center 
is the same in the reactant and the product. The К and 5 descriptors change because the order of 
precedence changes in going from reactant to product; for example, CH; is the highest-ranked 


substituent in the reactant but becomes the second-highest-ranked in the product. 


7.38 Two compounds can be stereoisomers only if they have the same constitution. Thus, you should compare 
first the constitution of the two structures and then their stereochemistry. One way to compare constitutions is 
to assign a systematic (IUPAC) name to each molecule. Also remember that enantiomers are 
nonsuperimposable mirror images, and diastereomers are stereoisomers that are not enantiomers. 


(a) The two structures have the same constitution. Test them for superimposability. To do this, we need to 
place them in comparable orientations. 


nu eB CH; 
“в: is equivalent to Н Br 
CHCH; CHCH 
and 
ні СНз 
СН; is equivalent to Br H 
CHCH, CHCH; 


The two are nonsuperimposable mirror images of each other. They are enantiomers. 


To check this conclusion, work out the absolute configuration of each using the Cahn—Ingold—Prelog system. 


i He 
С—вг с-н, 

CH4CH; CH4CH; 
(S)-2-Bromobutane (R)-2-Bromobutane 


(b) As drawn, the two structures are mirror images of each other; however, they represent an achiral 
molecule. The two structures are superimposable mirror images and are not stereoisomers but identical. 


CHOH CHOH 
H OH and HO H are identical 
CHOH CH;OH 
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(c) 


(d) 


(e) 


() 


(g) 


The two structures are enantiomers because they are nonsuperimposable mirror images. Checking their 
absolute configurations reveals one to be R, the other S. Both have the E configuration at the 


double bond. 
HÓ H H oH 
(2R,3E)-3-Penten-2-0] (2S,3E)-3-Penten-2-0l 
One structure has a cis double bond, the other a trans double bond; therefore, the two are diastereomers. Even 


though one chirality center is R and the other is 5, the two structures are not enantiomers. The mirror image of 
a cis (or Z) double bond is cis, and that of a trans (or E) double bond is trans. 


ic d а 
ud H H он 


{(2R3E)-3-Penten-2-ol (25,3Z)-3-Penten-2-ol 


These two compounds differ in the order in which their atoms are joined together; they are constitutional 
isomers. 


54 HO 
2 А 
3 i 
HO" CH;OH 3 
Я 5 CHOH 
4 
3-Hydroxymethyl-2-cyclopenten- [1-0] 3-Hydroxymethyl-3-cyclopenten- 1 -ol 


Because cis-1,3-dimethylcyclopentane has a plane of symmetry, it is achiral and cannot have 
an enantiomer. The two structures given in the problem are identical. 


СН; 
Plane of symmetr: 
| 77 y y 


To compare these compounds, reorient the first structnre so that it may be drawn as a Fischer projection. 
The first step in the reorientation consists of a 180? rotation about an axis passing through the midpoint 
of the C-2-C-3 bond. 


Y X 


becomes 
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Thus 
CO;H СНз 
H Br . H Br 
is 
H Br H Br 
СНз СОН 


Reference structure 


Now rotate the *back" carbon of the reoriented structure to give the necessary alignment for a 
Fischer projection. 


СНз Вг Н СН; 
H Br СН» "n Br H 
H Br becomes H Br which is the same as H Bü 


COH CO;H CO;H 


This reveals that the original two structures in the problem are equivalent. 


(h) These two structures are nonsuperimposable mirror images of a molecule with two nonequivalent 


chirality centers; they are enantiomers. 


1 1 
COH CO;H 
2 2 
H Br Br H 
H Br Br H 
3 3 
“CH; “CH 
2R,3R 25,35 


(i) These two structures, cis- and frans-4-tert-butylcyclohexyl iodide, are diastereomers. 


I 


(HOC 277 1 re 
(CH3)3C 


Trans Cis 


(j) The two structures are identical. 


Н.С 


CH; СН; 


Reference structure Identical to reference 
structure 
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(К) As represented, the two structures are mirror images of each other, but because the molecule is achiral 
(it has a plane of symmetry), the two must be superimposable. They represent the same compound. 


НС Н Но 7 —CH3 H3C~ —H 
й + | 1 
‚  isequivalent to 6 7 
3 4 5 5 4 И 
Reference structure Identical to reference 
structure 


The plane of symmetry passes through C-7 and bisects the C-2-C-3 bond and the C-5-C-6 bond. 
7.39 (a) Muscarine has three chirality centers, and so eight (23) stereoisomers have this constitution. 


(b) The three suhstituents on the ring (at C-2, C-3, and C-5) can be thought of as being either 
up (U) or down (D) in a perspective drawing. Thus, the eight possibilities are 


UUU, UUD, UDU, DUU, UDD, DUD, DDU, DDD 
Of these, six have one substituent trans to the other two. 
(c) Muscarine is 
OH в 
с m 
T 
uox. Vcnus но“ 
н 9 н 


7.40 To write а stereochemically accurate representation of ectocarpene, it is best to begin with the configuration 
of the chirality center, which we are told is S. 


но "CH-CHCH4CH; 


Clearly, hydrogen is ihe lowest-ranked substituent; among the other three substituents, two are part of the 
ring and the third is the four-carbon side chain. The sequence rule precedence of these groups is determined 
by systematically working along the chain. 


The substituents 


—CH-CHCH,CH—CHCH,;  —CH—CHCH;CH, | —CH;CH—CHCH;CH-—CH 


(Ring) (Side chain) (Ring) 


are considered as if (hey were 


DR d 
EN n E > НЕ a а aes > £e ds 
C C H C CH H H 


(Ring) (Side chain) (Ring) 
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Orienting the molecule with the hydrogen away from you 


н CH—CHCH,CH; 


we place the double bonds in the ring so that the order of decreasing sequence rule precedence is 
counterclockwise: 


Highest priorit Third highest 
M L^ 


H 'CH—CHCH;CH; 


Lowest Second highest 


Finally, because all the double bonds are cis, the complete structure becomes 


7.44 (a) Multifidene has two chirality centers and three double bonds. Neither the ring double bond nor the 
double bond of the vinyl substituent can give rise to stereoisomers, but the butenyl side chain can be 
either E or Z. Eight (23) stereoisomers are therefore possible. We can rationalize them as 


3 -CH—CHCH;CH4 


5 4 
CH=CH, 
Stereoisomer C-3 C-4 Butenyl double bond 

1 R R E . 
enantiomers 

2 5 5 Е 

3 R R Z . 
enantiomers 

4 S S 2 

i К 5 | enantio: 

antiomers 

6 $ R E 

7 R 5 Z " 
enantiomer. 

8 9 R Z n S 


(b) Given the information that the alkenyl substituents are cis to each other, the number of stereoisomers is 
reduced by half. Four stereoisomers are therefore possible. 


(c) Knowing that the butenyl group has a Z double bond reduces the number of possibilities by half. Two 
stereoisomers are possible. 
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(d) The two stereoisomers are 


Qh and m 


(e) These two stereoisomers are enantiomers. They are nonsuperimposable mirror images. 


BS 


I 


АР 9 


7.42 Natural sphingosine has the S and R configurations at its two stereogenic centers, as indicated, and the E 
geometry of the double bond. There are seven other stereoisomers with this same constitution, three more 
with the E geometry of the alkene, and a set of four that have the Z double bond. 


МН; МН, 
Е Е i 
CH(CTO) о Дон CH3(CH) db E 
он OH 
Sphingosine 
NH; NH; 
E E E 
CH3(CH)) пи OF CH (CH Zo SO 
ÓH OH 
NH, NH; 
2 7 = 
Aton D pen 
CH4CH),; OH CH,(CH,). OH 


NH, 
Z В 2 
(Om жок | 


CH4(CH;,; ОН CH4(CH;;; OH 
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7.43 (a) The first step is to write the constitution of menthol, which we are told is 2-isopropyl- 
5-methylcyclohexanol. 


CH; 


OH 
CH(CH3) 
2-Isopropyl-5-methylcyclohexanol 
Because the configuration at C-1 is А in (—)-menthol, the hydroxyl group must be “up” in our drawing. 


CH; 


R configuration at C-1 
ШП H 
OH 
CH(CH3); 


Because menthol is the most stable stereoisomer of this constitution, all three of its substituents must be 
equatorial. We therefore draw the chair form of the preceding structure, which has the hydroxyl group 
equatorial and up, placing isopropyl and methyl groups so as to preserve the R configuration at C-1. 


2 
а о аена ВИ 
HO Y CH; 


(2-Menthol 


(b) To transform the structure of (~)-menthol to that of (+)-isomenthol, the configuration at C-5 must 
remain the same, whereas those at C-1 and C-2 are inverted. 


(CH3)2CH 
2 2 
HO CH; CH; 
1 5 1 5 
OH 
(2-Menthol (+)-Isomenthol 


(+)-Isomenthol is represented here in its correct configuration, hut the conformation with two axial 
substituents is not the most stable one. The ring-flipped form is the preferred conformation of 
(+)-isomenthol: 


(CH3),CH CH; 


CH;  —— ——7  (CH34CH 


OH OH 


Most stable conformation of 
(+)-isomenthol 
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7.44 Because the only information available about the compound is its optical activity, examine the two 
structures for chirality, recalling that only chiral substances can be optically active. 
The structure with the six-membered ring has a plane of symmetry passing through С-1 and C-4. It is 
achiral and cannot be optically active. 


СНОН 
COH H OH 
HO H 
H OH 
H OH 
CHOH 
Achiral; [0] p 0° Chiral; can be optically active 


The open-chain structure has neither a plane of symmetry nor a center of symmetry; it is not superimposable 
on its mirror image and so is chiral. It can be optically active and is more likely to be the correct choice. 


7.45 Compound B has a center of symmetry, is achiral, and thus cannot be optically active. 


Compound B: not optically active 
(center of symmetry is midpoint of C-16-C-17 bond) 


The diol in the problem is optically active, and so it must be chiral. Compound A is the naturally 
occurring diol. 


7.46 (a) The equation that relates specific rotation [0] to observed rotation о is 


100« 
[0] = = 
ci 


where c is concentration in grams per 100 mL and / is path length in decimeters. 


100(—5.20?) 
(2.0 g / 100 mL) dm) 
—130° 


[9] 


(b) The optical purity of the resulting solution is 10/15, or 66.7%, because 10 g of optically pure fructose 
has been mixed with 5 g of racemic fructose. The specific rotation will therefore be two thirds (10/15) of 
the specific rotation of optically pure fructose: 


[a] = 26-1305) = —87° 
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7.47 The chirality centers are indicated by the arrows. 


О н 
NHH 
Pd $. CH 
NH; ^ A 
N CH; 
О я 
COOH 
Ampicillin 
7.48 
(a) 
OH | 
HO 341^ COOH HN 
NH 
HO 2 
Droxidopa 
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OH 


OH 


Simvastatin (Zocor) 
b 
() соон 
н-®-—мн, | 
нон 
OH 
OH 


Enantiomer of droxidopa 


7.49 (a) The four methylene hydrogens of 1,2-dibromoethane are enantiotopic. Replacement of any one of them 
by some atom or group produces two enantiomers. Light-initated free-radicai chlorination will replace 
one of the hydrogens with a chlorine. The enantiomers are chiral and are formed in equal amounts as a 


racemic mixture. 


BrCH,CH2Br + Ch 


light 


The product is a racemic mixture of 


ВгСН, 


N 
ys 


Br 


и 


"el 


a 


BrCH;CHBr + HCI 
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(b) Tertiary alcohols react with hydrogen chloride to produce alkyl chlorides by way of a carbocation 
intermediate. In this case, chloride ion can approach the carbocation from either an axial direction or an 
equatorial one. The two approaches are not equivalent, nor are the alkyl chloride products. Two 
diastereomers, both of which are achiral, are formed in unequal amounts. (On the basis of the 
information given, we cannot predict which one is the major product.) 


CH; 


T 
H3C H3C 


(c) The starting material is a chiral tertiary alcohol, shown as a single enantiomer. As in part (5), 
the reaction proceeds through a terliary carbocation and gives a mixture of two alkyl chlorides. 


а 


Кезщ 
OH 
" CH; HC 
CH, на 
+ CH 
HC Н.С | E 
H 


3C 


The two products are diastereomers, and both are chiral. Because the axial and equatorial approach routes of 
chloride to the positively charged carbon are not equivalent, it is likely that they are formed in unequal 
amounts: [As in part (5) we cannot predict which one predominates, however.] 


7.50 (a) The reaction of 1-butene with hydrogen iodide is one of electrophilic addition. It follows Markovnikov's 
rule and yields a racemic mixture of (R)- aud ($)-2-iodobutane. 


HCE Hon, 
CH4CH;CH—CH, — pu + Е С 
ссн ССН» 
1-Butene (R)-2-Iodobutane (5)-2-Iodobutane 


(b) Bromine adds anti to carbon—carbon double bonds to give vicinal dibromides. 


Br CHCH; 
EBC H H СЊСНа 
Be _ + 
CCl, 
H CH,CH; H3C H 
Br СН; 
(£)-2-Pentene (2R,35)-2,3-Dibromopentane (25,3R)-2,3- Dibromopentane 


The two stereoisomers are enantiomers and are formed in equal amounts. 
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(c) Two enantiomers are formed in equal amounts in this reaction, involving electrophilic addition of 
bromine to (Z)-2-pentene. These two are diastereomers of those formed in part (b). 


Br 
CH3CH; H 
H3C СН2СНз : CH3CH; H 
т) B 
X——d tm m Cu - : t г/Вг 
Н Н 3 НС H 
Br 


(Z)-2-Pentene (2R,3R)-2,3-Dibromopentane (25,38)-2,3-Dibromopentane 
(d) Epoxidation of J-butene yields a racemic epoxide mixture. 
. || H О 
CH4CH;,CH—CH; ae CHCA + Heu 
О CH4CH; 
1-Butene (S)-1,2-Epoxybutane (R)-1,2-Epoxybutane 


(e) Two enantiomeric epoxides are formed in equal amounts on epoxidation of (Z)-2-pentene. 


H H 0 H H О 
CH4COOH oom d М не: 
CH;Cl; А о ы i n 
Н.С CHCH; О НС СН»СН» 
(Z)-2-Pentene (25,3R)-2,3-Epoxypentane QR,35)-2,3-Epoxypentane 


The reaction is a stereospecific syn addition. The cis alkyl groups in the starting alkene remain cis in the 
product epoxide. 


(f) The starting material is achiral, so even though a chiral product is formed, it is a racemic mixture of 
enantiomers and is optically inactive. 


—HH е ý 
Pt $ 3 
CH; НС H н CH3 
1,5,5- Trimethylcyclopentene (R)-1,1,2-Trimethylcyclopentane (S)-1,1,2-Trimethylcyclopentane 


(g) Recall that hydroboration—oxidation leads to hydration of the double bond opposite to Markovnikov’s 
rule. 


1, B3Hg 
2. H505, НО“ 


н CH 


CH; 


1,5,5- Trimethylcyclopentene (15,25)-2,3,3- Trunethylcyclopentanol (1R2R)-2,3,3- Trimethylcyclopentanol 


The product has two chirality centers. It is formed as a racemic mixture of enantiomers. 
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7.51 Hydration of the double bond of aconitic acid (shown in the center) can occur in two regiochemically distinct ways: 


ү HOCCH;, „COH сон 
НСВ ROOM НгО с=с, њо . BO;CCH;OCERCOGH 
COH HOC: Н Он 
Chiral Aconitic acid Achiral 
(isocitric acid) (citric acid) 


One of the hydration products lacks a chirality center. It must be citric acid, the achiral, optically inactive isomer. 
The other one has two different chirality centers and must be isocitric acid, the optically active isomer. 


7.52 (a) Structures A and B are chiral. Structure C has a plane of symmetry and is ап achiral meso form. 


(b) Ozonolysis of the starting material proceeds with the stereochemistry shown. Compound B is the product 
of the reaction. 


CH—O 
H H 
H3C 
1.03 which is H CH; 
A 2. Zn, H20 equivalentto Н.С H 
H3C ј 
Н Н 
CH—O 
Compound B 


(c) If the methyl groups were cis to each other in the cycloalkene, they would be on the same side of the 
Fischer projection in the product. Compound C would be formed. 


7.53 (a) The E2 transition state requires that the bromine and the hydrogen that is lost be anti and coplanar to each 
other. Examination of the compound given in the problem reveals that loss of bromine and the deuterium will 
yield trans-2-butene, whereas loss of the bromine and the hydrogen on C-3 will yield cis-2-butene. 


Ht Br СН Br D 
E eH CH3 be red Ns opa rotation around x "E CH 
нс“ “с а Ева. eater. du ТА 
px CH, D сњ Н 
E2 (-DBr) E2 СНВ) 
ms H — à 
APTI м, 
H3C H ЊС CH; 
trans-2-Butene < Cis-2-Butene 


The trans-2-butene that forms does not contain deuterium, but cis-2-butene does. 1-Вшепе also contains 
deuterium. 


n 
оне Таре ен НЕН 
р р 


E2 


1-Butene 
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(b) The starting material in part (a) is the erythro isomer. The relative positions of the H and D at C-3 are 


reversed in the threo isomer. The erythro and threo isomers can be drawn using Fischer projections: 


СН; CH; 
Br H Br H 
D H H D 
CH3 CH; 
Erythro Threo 


Because the positions of the H and D on C-3 in the threo isomer are opposite that in the erythro, the deuterium 
content of cis- and trans-2-butene would be reversed. trans-2-Butene obtained from the threo isomer would 
contain deuterium, and cis-2-butene would not. 1-Butene obtained from the threo isomer would aiso contain 
deuterium. 


7.54 Bromine adds to the unknown compound, suggesting the presence of a double bond in addition to the five- 
membered ring. The following are possible structures for the unknown: 


CH; CH; CH; CH; 


Methylenecyclopentane 1-Methylcyclopentene 3-Methylcyclopentene 4-Methyicyclopentene 


Which of these form diastereomeric dibromides on anti addition of bromine? 


Br; 


(only product) 
CH, Br CHBr 
Methylenecyclopentane 
Вг; B 4 (enantiomers) 
CH; Br CH; 
I-Methylcyclopentene 
(diastereomers) 
H CH; 5 
H CH; 
3-Methylcyclopentene 
(enantiomers) 


н CH, 


4-Methylcyclopentene 
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We are told in the problem that two diastereomeric bromides were formed; thus, the compound must be 
3-methylcyclopentene. 


7.55 Dehydration of this tertiary alcohol can yield 2,3-dimethyl-1-pentene or 2,3-dimethyl-2-pentene. Only the 
terminal alkene in this case is chiral. 


«ЄН» „н; 
CH3CH2CHO(CHs)2 ско, CH;CH,CHC, + CHsCHaC=C, 
à CH H 
НС OH cu, CH сн, СНз 
2,3-Dtmethyl-2-pentanol 2,3-Dimethyl-1 -pentene 2,3-Dimethyl-2-pentene 
(chiral, optically pure) (chiral, optically pure) (achiral, optically inactive) 
Hp, Pt Hg, Pt 


КЕНИ pela a нен НС СН 


CH3 CH3 
2,3-Dimethylpentane 2,3-Dimethylpentane 
(chiral, optically pure) (chiral, racemic) 


The 2,3-dimethy!-1-pentene formed in the dehydration reaction must be optically pure because it arises from 
optically pure alcohol by a reaction that does not involve any of the bonds to the chirality center. When 
optically pure 2,3-dimethyl-1-pentene is hydrogenated, it must yield optically pure 2,3-dimethylpentane— 
again, no bonds to the chirality center are involved in this step. 

The 2,3-dimethyl-2-pentene formed in the dehydration reaction is achiral and must yield racemic 2,3- 
dimethylpentane on hydrogenation. 

Because the alkane is 5096 optically pure, the alkene fraction must have contained equal amounts of 
optically pure 2,3-dimethyl-1-pentene and its achiral isomer 2,3-dimethyl-2-pentene. 


7.56 (a) Oxygen may be transferred to either the front face or the back face of the double bond when 
(R)-3-buten-2-ol reacts with a peroxy acid. The structure of the minor stereoisomer was given in 
the problem. The major stereoisomer results from addition to the opposite face of the douhle bond. 


H pH H PH cg, 
> CH2 peroxy acid H + 2 z Ка 
HC Е · 2 HC 
H H 
(R)-3-Buten-2-ol Minor stereoisomer Major stereoisomer 


(b) The two epoxides have the same configuration (R) at the secondary alcohol carbon but opposite 
configurations at the chirality center of the epoxide ring. They are diastereomers. 


“(ey In addition to the two diastereomeric epoxides whose structures are shown in the solution to part (а), the 
enantiomers of each will be formed when racemic 3-buten-2-ol is epoxidized. The relative amounts of 
the four products will be 
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20% 20% 
H PH сн, HO M сн, 
— ыс үре 
H H 
3096 3096 
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Enantiomeric forms of 
minor stereoisomer, 
totaling 40%, 


Enantiomeric forms of 
major stereoisomer, 
totaling 60%. 


7.57 Substituted biphenyls of this type possess a chirality axis when A Z B and X £ Y. These conditions аге met by 
only the third example in the table, answer (c), where A = (CH,),C—, B = Н апі X =(CH,),C-, Y = H. 


ANSWERS TO INTERPRETIVE PROBLEMS 


7.58 С; 7.59 В; 7.60 B; 


SELF-TEST 


7.61 B; 7.62 В; 


7.63 В; 


7.64 D 


1. For each of the following pairs of drawings, identify the molecules as chiral or achiral and tell whether each 
pair represents molecules that are enantiomers, diastereomers, or identical. 


(а) Hy СН СА „сна 


С 
N 
E CH;CH; 


(D © 


(b) H H 
HC H H CH3 
Cl Ci 


(c) OH 


LEN and 
CH3;CH, Cl Cl 


НО, 


но 
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2. 


3. 


4. 


(d) CH3 СНз 
H Br Br H 
and 
H Bi H Br 
CHCH; CHCH; 


Specify the configuration of each chirality center in the preceding problem, using the Cahn-Ingold-Prelog А-5 
system, 


Predict the number of stereoisomers possible for each of the following constitutions. For which of these will 
meso forms be possible? 


Н.С. CH} 
cl CI 
(a) (c) HC=CHCHCH= CHCH; 


OH 


rà үн T 
(b) CH3CHCHCHCHs 


Using the skeletons provided as a guide, 


(a) Draw a perspective view of (2R,3R)-3-chloro-2-butanol. 


H3C ip 
“ё 
СН; 


(b) Draw а sawhorse diagram of (R)-2-bromobutane. 


CH; 


H H 


(c) Draw Fischer projections of hoth these compounds. 


Draw Fischer projections of each stereoisomer of 2,3-dichlorobutane. Identify cach chirality center as 
R or S. Which stereoisomers are chiral? Which are not? Why? 
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6. (a) The specific rotation of pure (—)-cholesterol is -39?. What is the specific rotation of a sample of 
cholesterol containing 10% (4)-cholesterol and 90% (—)-cholesterol.? 


(b) If the rotation of optically pure (R)-2-octanol is —10°, what is the percentage of the 
S enantiomer in a sample of 2-octanol that has a rotation of —4?? 


7. Write the organic product(s) expected from each of the following reactions. Show each stereoisomer if more 
than one forms. 


(a) 1,5,5-Trimethylcyclopentene and hydrogen bromide 
(b) (£E)2-Butene and chlorine (CL) 


(c) (Z)-2-Pentene and peroxyacetic acid 


8. Give the IUPAC name, including stereochemistry, for the following: 


CH; OH 
cl CHjBr [СНС 
b 
(a) H Br (b) 
H 


9. How many stercoisomeric products are obtained from the reaction of (S)-3-chloro-1-butene with hydrogen 
bromide? What is their relationship (enantiomers, diastereomers)? 


10. Write the final product of the following reaction sequence, clearly showing its stereochemistry. Is the product 


achiral, a meso compound, optically active, or a racemic mixture? 


pe H2SO4, heat ^ 1. BjHg 
OH 2. H202, НО" 


CHAPTER 8 


Nucleophilic Substitution 


SOLUTIONS TO TEXT PROBLEMS 


8.1 


Identify the nucleophilic anion in each reactant. The nucleophilic anion replaces bromine as a 
substituent on carbon. 


(b) Potassium ethoxide is a source of the nucleophilic anion CH,CH,0~. 


CHCH + — сва CH,CH;OCH, + {Бї 


Ethyl methyl ether Bromide ion 


(product) 


Ethoxide ion 
(nucleophile) 


Methyl bromide 


0: 
(c) | P os, || .. e 
C—O + CHBr; Era C—OCH; + В; 


Benzoate ion Methyl bromide Bromide ion 


(d) Lithium azide is a source of azide ion. 


It reacts with methyl bromide to give methyl azide. 


- + -— ee S ou 

DN-N-N:D + СНВ: CH;N-N-N: + ibri 
Azide ion Methyl bromide Methyl azide Bromide ion 
(nucleophile) (product) 
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8.2 


8.3 
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(e) The nucleophilic anion in KCN is cyanide (1C ==М;). The carbon atom is negatively charged and is 
normally the site of nucleophilic reactivity. 


мест + сни CH,CEN: + Г 


Cyanide ion Methyl bromide Methyl cyanide Bromide ion 
(nucleophile) (product) 


(f) The anion in sodium hydrogen sulfide (NaSH) is TSH. 


LEN ee oe зе 
HS +  CHjBr CHSH + п 
Hydrogen Methyl bromide Methanethiol Bromide ion 
sulfide ion 


~ 


(2) Sodium iodide is a source of the nucleophilic anion iodide ion, Т: The reaction of sodium iodide 


with alkyl bromides is usually carried out in acetone to precipitate the sodium bromide formed. 


ТГ + сй acetone СН. + В 

oe 3 ee X . ens 

Iodide ion Methyl bromide Methyl iodide Bromide ion 
y: 


Write out the structure of the starting material. Notice that it contains a primary bromide and a primary 
chloride. Bromide is a better leaving group than chloride and is the one that is displaced faster by the 
nucleophilic cyanide ion. 


NaCN 
ethanol]-water 


CICH;CH;CH;Br CICHjCH4CH;CEN 


1-Bromo-3-chloropropane 4-Chlorobutanenitrite 


No, the two-step sequence is not consistent with the observed behavior for the hydrolysis of methyl bromide. 
The rate-determining step in the two-step sequence shown is the first step, ionization of methyl hromide to 
give methyl cation. 


slow 


1. CHBr | ———- СН + Br 


2. сна + HO^ fast CH,OH 


In such a sequence, the nucleophile would not participate in the reaction until after the rate-determining 
step is past, and the reaction rate would depend only on the concentration of methy! bromide and be 
independent of the concentration of hydroxide ion. 


Rate = k[CH3Br] 


The predicted kinetic behavior is first order. Second-order kinetic behavior is actually observed for methy] 
bromide hydrolysis, so the proposed mechanism cannot be correct. 
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8.4 


8.5 


8.6 


8.7 


Inversion of configuration occurs at the chirality center. When shown in a Fischer projection, this 
corresponds to replacing the leaving group on one side by the nucleophile on the opposite side. 


CH; СНз 
н |в: кон. HO—.—H 
N 
CH2(CH2)4CH3 CH (CH3),CH3 
(S)-(+)-2-Bromooctane {R)-(-)-2-Octanol 


The example given in the text illustrates inversion of configuration in the 542 hydrolysis of 
(S)-(+)-2-bromooctane, which yields (R)-(-)-2-octanol. The hydrolysis of (R)-(—)-2-bromooctane 
exactly mirrors that of its enantiomer and yields (S)-(4)-2-octanol. 

Hydrolysis of racemic 2-bromooctane gives racemic 2-octanol. Remember, optically inactive reactants 
must yield optically inactive products. 


С-2 of isopropyl bromide is partially bonded to both Br and I in the 5,2 transition state. Iodide attacks 
from the side opposite the C—Br bond. 


H ње Н ion 
m ЊСА ee 5. Šo .. б- „ Seth „э 
ur bu == du a р ч + $E 
H3C CH; CH3 
Todide ion Isopropyl bromide 5м2 Transition state Isopropyl iodide Bromide ion 


Sodium iodide in acetone is a reagent that converts alkyl chlorides and bromides into alkyl iodides by an 
Sy 2 mechanism. Pick the alkyl halide in each pair that is more reactive toward $42 displacement. 


(b) The less crowded alkyl halide reacts faster in an 5,2 reaction. 1-Bromopentane is a primary alkyl halide 
and so is more reactive than 3-bromopentane, which is secondary. 


BrCH;CH5CH5CH;CH3 с CEH 
Br 
1-Bromopentane 3-Bromopentane 
(primary; more reactive in 5 42) (secondary; less reactive in 5 қ2) 


(c) Both halides are secondary, but fluoride is a poor leaving group in nucleophilic substitutions. 
Alkyl chlorides are more reactive than alkyl fluorides. 


CHCHCH;CH;CHs CH3CHCH;CH;CH; 
Cl F 
2-Chloropentane 2-Fluoropentane 
(more reactive) (less reactive) 


(d) A secondary alkyl bromide reacts faster under S&2 conditions than a tertiary one; 


CH; 
[D 
CH;CHCH;CH;CHCH; CH;CCH;CH;CH;CHs 
Br CH; Br 
2-Вгото-5-те у ћехапе 2-Вгото-2-те ћу ехапе 


(secondary; more reactive in 542) (tertiary; less reactive in 552) 
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(e) The number of carbons does not matter as much as the degree of substitution at the reaction site 
The primary alkyl bromide is more reactive than the secondary. 


BrCH;(CH5)gCHa с не 
Br 


1-Bromodecane 


2-Bromopropane 
(primary; more reactive т 542) 


(secondary; less reactive іп 542) 


8.8 Begin by writing the balanced equation for the reaction of ethyl bromide with methanol. 
+ - 
CH;CH,Br + 2CH30H CH;CH;OCH,; + CH30H, + Br 
Ethyl bromide Methanol Ethyl methyl ether Methyloxonium ion Bromide ion 
The first step of the reaction is nucleophilic substitution. It is the rate-determining step of the process. 
CH 
HC NI 3 os HaC, + irs 
H H 
Methanol Ethyl bromide Ethyimethyloxonium ion Bromide ion 
The second step is a fast Brensted acid-base reaction. 
H3C_ НЗС, + ЕС, + as 
:0: + :0—CH;CH3 O—H + CHa3CH;OCH 
» a 5 31125723 
H 9 H 
Methanol Ethylmethyloxonium ion Methyloxonium ion Ethyl methyl ether 
8.9 


Solvolysis of alkyl halides in alcohols yields ethers as the products of reaction. 


+ 
(CH;);CBr + 2CH,0H (CH3);COCH; + — CH4OH; 


+ Br. 
terr-Butyl Methanol tert-Butyl methyl Methyloxonium ion Bromide ion 
bromide ether 
The reaction proceeds by an Syl mechanism. 
($ .. ee - 
(CHC brn — (CH) + ВИ 
tert-Butyl fert-Butyl Bromide 
bromide cation ion 
„``. „Из CH3 
+ se fast Ре 
(СНз)зС" + О = (СНз) 0, 
Н Н 
tert-Butyl Methanol fert-Butylmethyloxonium 
cation ion 
+ „СН . „2 fit NM " „СНз 
(СНС О; + М эшш не (CH3)3C—OCH3 + H—O; 
H H H 
tert-Butylmethyloxonium ion Methanol tert-Butyl Methyloxonium 


methyl ether ion 
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8.10 Тһе reactivity of an alkyl halide in an Sy1 reaction is dictated by the ease with which it ionizes to form 


a carbocation. A more stable carbocation is formed faster than a less stable one. Tertiary alkyl halides are the 
most reactive, metbyl balides tbe least reactive. 


(b) Cyclopentyl iodide ionizes to form a secondary carbocation, while the carbocation from 
|-methylcyclopentyl iodide is tertiary. The tertiary halide is more reactive. 


HC `1 H I 
| -Methylcyclopentyl iodide Cyclopentyl iodide 
(tertiary; more reactive in Sy f) (seeondary; less reactive in Sy1) 


(c) Cyclopentyl bromide ionizes to a secondary carbocation. 1-Bromo-2,2-dimethylpropane is a primary 
alkyl halide and is therefore less reactive. 


(CH4)4CCH3Br 
H Br 
Cyclopentyl bromide 1-Bromo-2,2-dimethylpropane 
(secondary; more reactive in 541) (primary; less reactive in Sy i) 


(d) Iodide is a better leaving group than chloride in both $м1 and 542 reactions. 


(CH3)3CI (СНз)з СС 
tert-Butyl iodide tert-Butyl chloride 
(more reactive) (less reactive) 


8.11 Tbe alkyl halide is tertiary and so undergoes hydrolysis by an $м1 mechanism. The carbocation 
can be captured by water at either face. À mixture of the axial aud the equatorial alcohols is formed. 


СНз 


NA 
ЊС 


cis-1,4-Dimethylcyclohexyl bromide 


OH CH; CH3 
ЊО + В Н2О 
СН; OH 
ЊЕ ње Не 


trans-|,4-Dimethylcyclohexanol Carbocation intermediate cis-1,4-Dimethylcyclohexanol 


The same two substitution products are formed from trans-1,4-dimethylcyclohexyl bromide because it 
undergoes hydrolysis via tbe same carbocation intermediate. 
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8.12 Write chemical equations illustrating each rearrangement process. 


Hydride shift: 
H CH H 
НСС Лен HC-C i 
3 D 3 3 [. Nen 
H H ч 
Tertiary carbocation 
Methyl shift: 
H H H 
HyC-C—C—cH HCC г 
MATE Ө ор "eH 
СН» СН; 3 


Secondary carbocation 


Rearrangement by a hydride shift is observed because it converts a secondary carbocation to a more stable 
tertiary one. A methyl sbift gives a secondary carbocation—in this case the same carbocation as the one that 
existed prior to rearrangement. 


8.13 Diethyl ether is an aprotic solvent because it is not a hydrogen-bond donor—it does not have an -OH or -NH 
functional group. A dielectric constant of 4 is low, so diethyl ether would be a nonpolar aprotic solvent. 


8.14 


H3C CH 
3 1§—-GF----Na*---39—8 3 
H4C | CH; 
! 
AT 
|. 
Hc сн, 


8.15 (b) Ethyl bromide is a primary alkyl halide and reacts with the potassium salt of cyclohexanol by 


substitution. 
CH;CH,Br + O (у осњсњ 


Ethyl bromide Potassium Cyclohexyl ethyi ether 
cyclohexanolate 


(c) No strong base is present in tbis reaction; the nucleophile is methanol itself, not methoxide. It reacts with 
sec-butyl bromide by substitution, not elimination. 


CH;CHCH,CH es сњенсн;сн 


Вг OCH; 


sec-Butyl bromide sec-Butyl methyl ether 
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(d) Secondary alkyl halides react with alkoxide bases by E2 elimination. 


CH.CHCH,CH; iro? © CH3CH=CHCH; + H;C—-CHCH;CH; 
Br 
sec-Butyl bromide 2-Butene }-Butene 


(major product; mixture 
of cis and trans) 


8.16 (b) There are two possible combinations of alkoxide and alkyl halide (shown as the bromide), one involves 
a secondary alkyl halide. 


CH4CH;CH, — 0: + Br—CH(CH3» 


CH3CH;CH; —Br + :0 —CH(CH3)2 
Secondary alkyl halides undergo elimination (E2) rather than substitution (S42) with alkoxide bases, 


An alkene is the major product as shown in the following first reaction. The second reaction, between a 
primary alkyl halide and alkoxide, yields an ether product. 


CH;CH;CH,—(: + Br—CH(CH3)) ——- HjC—CHCH; + CH;CH;CH -OH 


СНз 
Propene ` 
CH3CH;CH; —Br + :@—СН(СНу› ——- CH3CH,CH,OCH(CH3)2 
Isopropyl propyl ether 
8.17 Alkyl p-toluenesulfonates are prepared from alcohols and p-toluenesulfonyl chloride. 
О О 
li pyridine il 
CH3(CH2);6CH20H + ЊС e TEL CECE О GG EROS CH; + HCI 
О О 
]-Octadecanol p-Toluenesulfonyl Octadecyl p-toluencsulfonate Hydrogen 
cholride chloride 


8.18 Asin part (a), identify the nucleophilic anion in each part. The nucleophile replaces the 
p-toluenesulfonate (tosylate) leaving group by an Sy2 process. The tosylate group is abbreviated as OTs. 


(b) E + CH3(CH2),6CH20Ts СНэСН в СНо + TsO 


Iodide Octadecyl Octadecyt iodide p-Toluenesulfonate 
ion p-toluenesulfonate anion 


(c) 'СЕМ: + CH3(CH;)CH;UTs СН.(СН>) СНС: + TsO 


Cyanide Octadecyl p-toluenesulfonate Octadecyl cyanide p-Toluenesulfonate 
ion anion 
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(d) HS: + CHCH) CH UTs CH4CHj,gCH;SH + ОГ 


Hydrogen Octadecyl p-toluenesulfonate 1-Octadecanethiol p-Toluenesulfonate 
sulfide ion anion 


(е) 


СН3СН›СН›СН;8: + СНУ(СН)СН;ОТ5 CH4CH3j4«CHoSCH;CH;CHoCH; + TsO?” 


Butanethiolate ion Octadecyl p-toluenesulfonate Butyl octadecyl sulfide p-Toluenesulfonate 
anion 


8.19 The hydrolysis of (S)-(+)-1-methylheptyl p-toluenesulfonate proceeds with inversion of configuration, giving 
the R enantiomer of 2-octanol. 


H H 
CH3(CH2)s 2 o 5 „СВ СИа 
SC-OTs нос“ 
Hac CH; 
(S)-(+)}-1-Methylheptyl (К)-(—)-2-Остапо! 


p-toluenesulfonate 


In Section 8.12 of the text, we are told that optically pure (S)-(4)-1-methylheptyl p-toluenesulfonate is 
prepared from optically pure (S)-(+)-2-octanol having a specific rotation [o p +9.9°. The conversion of an 


alcohol to a p-toluenesulfonate proceeds with complete retention of configuration. Hydrolysis of this 
p-toluenesulfonate with inversion of configuration therefore yields optically pure (R)-(—)-2-octanol of 


[a]p —9.9°. 


8.20 1-Bromopropane is a primary alkyl halide, and so it will undergo predominantly 5,2 displacement regardless 
of the basicity of the nucleophile. 


Nal 
(a) CH3CH,CH2Br an CH3CB;CH;I 
1-Bromopropane 1-Iodopropane 
CHON | 
(b) CH3;CH,CH2Br а ~~ CH3CH;CH;0CCH; 
Propyl acetate 
NaOCH;CH 
(c) CH,CH,CHjBr —“©СШ©з‚ CHICH,CH;OCH;CH; 
ethanol 
Bthyl propyl ether 
(d) CHyCH;CH)Br ВХ = CH4CH;CH;CN 
Butanenitrile 
(e) CH4CH;CH;Br NaN; CH;CH;CH5N4 


ethanol-water 


1-Azidopropane 
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NaSH 


(f) СЊСЊСЊВг —^ CH4CH;CH;SH 
ethanol ` 
1-Propanethiol 
NaSCH 
(е) CH4CH;CHjBr —— CH4CH;CH;SCH; 
И ethanol 2 7 
Methyl propy! sulfide 


8.21 Elimination is the major product when secondary halides react with anions as basic as or more basic than 
hydroxide ion. Alkoxide ions have a basicity comparable with hydroxide ion and react with secondary 
halides to give predominantly elimination products. Thus, ethoxide ion [part (c)] will react with 
2-bromopropane to give mainly propene. 


NaOCH;CH; 


CH;CHCH; CH,CH=CH) 


Br 
Propene 


8.22 (a) The substrate is a primary alkyl bromide and reacts with sodium iodide in acetone to give the 
corresponding iodide. 


i i 
BrCH;COCH4CH; ICH;COCH;CH; 


acetone 


Ethyl bromoacetate Ethyl iodoacetate (89%) 


(b) Primary alkyl chlorides react with sodium acetate to yield the corresponding acetate esters. 


р О 
: i 
on \- сна Sa ox-( \- CH;OCCH; 


p-Nitrobenzyl chloride p-Nitrobenzyl acetate (78%-82%) 


(c) The only leaving group in the substrate is bromide. Neither of the carbon-oxygen bonds is susceptible to 
cleavage by nucleophilic attack. 


NaCN 
ethanol—water 


CH;CH;OCH;CHjBr CH4CH;OCH;CH;CN 


2-Bromoethyl ethyl ether 2-Cyanoethyl ethyl ether 
(52%—58%) 


(4 


w 


Hydrolysis of the primary chloride yields the corresponding alcohol. 


H20, НО" 
ne Уеа AE A ж—( слон 


p-Cyanobenzyl chíoride p-Cyanobenzyl alcohol (85%) 
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(e) The substrate is a primary chloride. 


|| NaN | 
CICH;COC(CHs) о сре = N3CH2COC(CH3 
tert-Butyl chloroacetate tert-Butyl azidoacetate (92%) 


(f) Primary alkyl tosylates yield iodides on treatment with sodium iodide in acetone. 


CH; CH; 
pu P "s pa Jn. 3 
TsOCHZ ІСН; 


(2,2-Dimethyl-1,3-dioxolan-4-y1)- 2,2-Dimethyl-5-(iodomethyl)- 
methyl p-toluenesulfonate 1,3-dioxolane (6096) 


(g) Sulfur displaces bromide from ethyl bromide. 


ЖО + CH4CH3Br в“ 
Sodium (2-furyD- Ethyl bromide Ethyl (2-furyl)methyl 
methanethiolate sulfide (80%) 


(ћу The first reaction is one in which a substituted alcohol is converted to a p-toluenesulfonate. 
This is followed by an Sy2 displacement with lithium iodide. 


OCH; OCH; 
СНзО CH3CH5CH;CH;0H TsCl СН.О CH;CH;CH5CH;OTs 


—————— 


pyridine (62%) 


CH;O CHO 
4-(2,3,4-Trimethoxyphenyl)- 1 -butanol 


Lil, acetone (88%) 


OCH; 
CH;0 CH;CH4CH;CH;I 


CHO 
4-(2,3,4- Trimethoxyphenyl)butyl iodide 


8.23 The two products are diastereomers. They are formed by bimolecular nucleophilic substitution (S42). In each 


case, a good nucleophile (CgH<S~) displaces chloride from a secondary carbon with inversion of 
configuration. 
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Lot (oom — 5 
СІ Cy 


trans-A-tert-Butylcyclohexyl Sodium cis-A-tert-Butylcyclohexyl phenyl sulfide 
chloride benzencthiolate 


(a) The trans chloride yields a cis substitution product. 


(b) The cis chloride yields a trans substitution product. 


* NaS MM S 
| CY 


cis-A-tert-Butylcyclohex yl Sodium trans-4-tert-Butylcyclohexyt phenyl sulfide 
chloride ` benzenethialate 


8.24 1-Chlorohexane is a primary alkyl halide; 2-chlorohexane and 3-chlorohexane are secondary. 


CH34CH;CH;CH;CH;CH;CI CH;CHCH;CH;CH;CHs CH;CH;CHCH;CH;CH; 
Cl Cl 
1-Chiorohexane 2-Chlorohexane 3-Chlorohexane 
(primary) (secondary) (secondary) 


Primary and secondary alkyl halides react with potassium iodide in acetone by an 5,2 mechanism, 
and the rate depends on steric hindrance to attack on the alkyl halide by the nucleophile. 


(a) Primary alkyl halides are more reactive than secondary alkyl halides in S2 reactions. 
1-Chlorchexane 15 the most reactive isomer. 


(b) Substituents at the carbon adjacent to the one that bears the leaving group slow down the rate of 
nucleophilic displacement. In 2-chlorohexane, the group adjacent to the point of attack is СНа. 


In 3-chlorohexane, the group adjacent to the point of attack is CH,CH3. 2-Chlorohexane has 
been observed to be more reactive than 3-chlorohexane by a factor of 2. 


8.25 (a) lodide is a better leaving group than bromide, and so I-iodobutane should undergo Sy2 attack by 
cyanide faster than 1-bromobutane. 
(b) The reaction conditions are typical for an 52 process. The methyl branch in 


1-chloro-2-methylbutane sterically hinders attack at C-1. The unbranched isomer, 1-chloropentane, 
reacts faster. 


n 
CH3CH;CHCH;CI CH;4CH;CH;CH;CH;CD ^^ 
]-Chioro-2-methylbutane 1-Chloropentane is less 

is more sterically sterically hindered, 

hindered, therefore therefore more 


Jess reactive. reactive. 
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(c) Hexyl chloride is a primary alkyl halide, and cyclohexyl chloride is secondary. Azide ion is a good 
nucleophile, and so the 5,2 reactivity rules apply; primary is more reactive than secondary. 


Ci 
CH3CH;CH;CH;CH;CH;CI CY 


Hexyl chloride is primary, Cyclohexy! chloride is secondary, 
therefore more reactive in 8552. therefore less reactive іп $ м2. 


(d) 1-Bromo-2,2-dimethylpropane is too hindered to react with the weakly nucleophilic ethanol by an 5,2 
reaction; and because it is a primary alkyl halide, it is less reactive in Sy1 reactions, tert-Butyl bromide 
will react with ethanol by an Si mechanism at a reasonable rate owing to formation of a tertiary 


carbocation. 
(СНз)зСВг (CH3)3CCH2Br 
tert-Butyl bromide; 1-Bromo-2,2-dimethylpropane; 
more reactive in relatively unreactive in nucleophilic 
Syl solvolysis substitution reactions 


(e) Solvolysis of alky! halides in aqueous formic acid is faster for those that form carbocations readily. 
The Sy1 reactivity order applies here: secondary > primary. 


CH,CHCH;CH, (CH3CHCHjBr 
Br 
sec-Butyl bromide; secondary, Isobutyl bromide; primary, 
therefore more reactive in Syl therefore less reactive in Syl 


(f) 1-Chlorobutane is a primary alkyl halide and so should react by an 5,2 mechanism. Sodium methoxide 


is more basic than sodium acetate and is a better nucleophile. Reaction will occur faster with sodium 
methoxide than with sodium acetate. 


(g) Azide ion is a very good nucleophile, whereas p-toluenesulfonate is a very good leaving group but a 
very poor nucleophile. In an S2 reaction with 1-chlorobutane, sodium azide will react faster than 


sodium p-toluenesulfonate. 


There are only two possible products from free-radical chlorination of the starting alkane: 


а! 
(CH3)3CCH2C(CH3)3 е ОВОС (СНЕ * ОВОС С 
CH;CI Cl 
2,2,4,4- Tetramethylpentane 1-Chloro-2,2,4,4- 3-Chloro-2,2,4,4- 
tetramethylpentane tetramethylpentane 
(primary) (secondary) 


As revealed by their structural formulas, one isomer is a primary alkyl chloride, the other is secondary. 
The problem states that the major product (compound A) undergoes Sy1 hydrolysis much more slowly 
than the minor product (compound B). Because secondary halides are much more reactive than primary 
halides under 8541 conditions, the major (unreactive) product is the primary alkyl halide 1-chloro-2,2,4,4- 
tetramethylpentane (compound A) and the minor (reactive) product is the secondary alkyl halide 3-chloro- 
2,2,4,4-tetramethylpentane (compound B). 
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8.27 (a) The two most stable Lewis structures (resonance contributors) of thiocyanate are 


SS=c=Nr 


GS—CEN: 


(b) The two Lewis structures indicate that the negative charge is shared by two atoms: S and N. 
Thus, thiocyanate ion has two potentially nucleophilic sites, and the two possible products are 


CH;CH;CH,CH,Br —К5С® CH3CH;CH;CH;—S—CEN: +  CH4CH;CH;CH;—N-—C-$8: 


1-Bromobutane Butyl thiocyanate Butyl isothiocyanate 


8.28 Nitrite ion has two potentially nucleophilic sites, oxygen and nitrogen. 


oe en LJ „у М ct LJ ee oe ГАЈ 9€. 
:О=№-0 + кїп —— бе=ў—0-к + 1: 
Nitrite ion Alkyt iodide Alkyl nitrite lodide ion 
2 Te “O° 
им. N oe 
SUNG В ——— NR лађе 
O. :0. 
Nitrite ion Alkyt iodide Nitroalkane јод де ion 


Thus, an alkyl iodide can yield either an alkyl nitrite or a nitroalkane depending on whether the oxygen or the 
nitrogen of nitrite ion attacks carbon. Both do, and the product from 2-iodooctane is a mixture of 


CH3CH(CH2)sCH3 and CH3CH(CH)sCHs 
ONO NO; 


8.29 Using the unshared electron pair on its nitrogen, triethylamine acts as a nucleophile in an Sy2 reaction 
toward ethyl iodide. 


mm Ce tv 
(CH3CH2hN; + Ho" Ts (CH3CH3JN ols 
CH; 
Triethylamine Ethyl iodide Tetraethylammonium iodide 


The product of the reaction is a salt and has the structure shown. The properties given in the problem 
(soluble in polar solvents, high melting point) are typical of those of an ionic compound. 


8.30 This reaction has been reported in the chemical literature and proceeds as shown (91% yield): 


H H 
CH3CH),: ng CH3CH24 
Со CHaBr оне С—Сн1 
Н.С H3C 
(S)-1-Bromo-2-methylbutane (S)-1-Iodo-2-methylbutane 


Notice that the configuration of the product is the same as the configuration of the reactant. This is because 
the chirality center is not involved in the reaction. When we say that 5,2 reactions proceed with inversion of 


configuration, we refer only to the carbon at which suhstitution takes place, not a chirality center somewhere 
else in the molecule. 


8.31 (a) The starting material incorporates both a primary chloride and a secondary chloride. The nucleophile 
(iodide) attacks the less hindered primary position. 
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Nai 


CCH ЄН ЕНЕН CH Е ICH;CH;CHCH;CHs 
Cl с 
1,3-Dichloropentane 3-Chioro-1-iodopentane 
(Сен СП) 


(b) Nucleophilic suhstitution of the first bromide by sulfur occurs in the usual way. 


6, „ОО Гм a ses s 
:SCH;CH5S: + Pie Br *SCH2CH2SCH2CH2Br 


СНЊ—Вг 


The product of this step cyclizes by way of an intramolecular nucleophilic substitution. 


—„*. „СН CH). °> 9 $: 
C CH,— CH; p d 
СВ: 1,4-Dithiane (C4HgS2) 


(c) The nucleophile is a dianion (527). Two nucleophilic substitutions take place; the second 
of the two leads to intramolecular cyclization. 


NS 


КУ ade [cv E : 
52+ cu; e CH, сн, х) 


CH5CH5CH3CI CH;—CH? 
Thiolane (C4HgS) 
8.32 (a) Methyl halides are unhindered and react rapidly by the 542 mechanism. 
(b) Sodium ethoxide is a good nucleophile and will react with unhindered primary alkyI halides by the 


$м2 mechanism. 


(c) Cyclohexyl bromide is a secondary halide and will react with a strong base (sodium ethoxide) 
predominantly by the E2 mechanism. 


(d 


— 


The tertiary halide tert-butyl bromide will undergo solvolysis by the Syl mechanism. 


(e) The presence of the strong base sodium ethoxide will cause the E2 mechanism to predominate. 


(f£) Concerted reactions are those that occur in a single step. The bimolecular mechanisms 52 and E2 
represent concerted processes. 


(g) Ina stereospecific reaction, stereoisomeric reactants yield products that are stereoisomers of each other. 
Reactions that occur by the 542 and E2 mechanisms are stereospecific. 


(А) The unimolecular mechanisms 541 and E1 involve the formation of carbocation intermediates. 


(i) Rearrangements are possible when carbocations are intermediates in a reaction. Thus, reactions 
occurring by the 541 and E1 mechanisms аге most likely to have a rearranged carbon skeleton. 


(j) Iodide is a better leaving group than bromide, and alkyl iodides react faster than alkyl bromides by any 
of the four mechanisms Sn1, 542, EI, and E2. 


8.33 (a) Cyclopentyl cyanide can be prepared from a cyclopentyl halide by a nucleophilic substitution 
reaction. The first task, therefore, is to convert cyclopentane to a cyclopentyl halide. 
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> + Ch light or heat y3? + на 
CI 


Cyclopentane Chlorine Cyclopentyl Hydrogen 
chloride chloride 
Da + Nacy Stanek waterop. g3 * NaCl 
C] CN 
Cyclopentyl Sodium Cyclopentyl Sodium 
chloride cyanide cyanide chloride 


An analogous sequence involving cyclopentyl bromide could be used. 


(b) Cyclopentene can serve as a precursor to a cyclopentyl halide. 


+ w — O 
Br 


Cyclopentene Hydrogen Cyclopentyl 
bromide bromide 


Once cyclopentyl bromide bas been prepared, it is converted to cyclopentyl cyanide by nucleophilic 
substitution, as shown in part (a). 


(c) Reaction of cyclopentanol with hydrogen bromide gives cyclopentyl bromide. Then cyclopentyl 
bromide can be converted to cyclopentyl cyanide, as shown in part (а). 


THT О 
OH Br 


(d) Two cyano groups are required here, both of which must be introduced in nucleophilic substitution 
reactions. The substrate in the key reaction is ВгСН,СН,Вг. 


ethanolt—water or 


BrCH,CH,Br + 2NaCN SMSO 


N=CCH,CH,C=N 


1,2-Dibromoethane Sodium 1,2-Dicyanoethane 
cyanide 


1,2-Dibromoethane is prepared from ethylene. The overall synthesis from ethyl alcohol is therefore 
formulated as shown: 


H2504 
heat 


Br; NaCN 


CH4CH;OH H;C— CH; BrCH;CH5Br NCCH;CH;CN 


Ethyl alcohol Ethylene 1,2-Dibromoethane 1,2-Dicyanoethane 
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In this synthesis, a primary alkyl chloride must be converted to a primary alkyl iodide. This is precisely 
the kind of transformation for which sodium iodide in acetone is used. 


acetone 


(CH)CHCH;C] + Май 978. (CHj,CHCHg + NaCl 


Isobutyl chloride Sodium Isobuty! iodide Sodium 
iodide | chloride 


First convert tert-butyl chloride into an isobutyl halide. 


NaOCH HB 
(CHCC ———À3-  (CH34C—CH; omes (СНАБСНСНоВг 
teri-Butyl 2-Methylpropene Isobutyl bromide 
chloride 


Treating isobutyl bromide with sodium iodide in acetone converts it to isobutyl iodide. 


(СНз):СНСН»Вг wL (CH); CHCH;I 
Isobutyl bromide Isobutyl iodide 
A second approach is by way of isobutyl alcohol. 
(cucc AOSB. — (ep c— cH, Tum (CH),CHCH,OH 
tert-Butyl 2-Methylpropene Isobutyl alcohol 
chloride 


Isobuty! alcohol is then converted to its p-toluenesulfonate, which reacts with sodium iodide in acetone 
in a manner analogous to that of isobutyl bromide. 


First introduce a leaving group into the molecule by converting isopropyl alcohol to an isopropyl halide. 
Then convert the resulting isopropyl halide to isopropyl azide by nucleophilic substitution. 


HBr NaN; 


оне А CHA HCH; 
OH Br № 
Isopropyl alcohol Isopropyl bromide Isopropyl azide 


In this synthesis, 1-propanol must be first converted to an isopropyl halide. 


CH.CH;CH)OH 29. снусн=Сн, — 8" CH;CHCH; 
Br 
1-Ргорапо! Propene Isopropyl bromide 


After an isopropyl halide has been obtained, it can be treated with sodium azide as in part (g). 
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G) 


" 


8.34 (а) 


First write out the structure of the starting material and of the product so as to determine their 
relationship in three dimensions. 


mc Pon, 
‘C—OH №—С 
СЊСН CHCH; 
(R)-sec-Butyl alcohol (S)-sec-Butyl azide 


The hydroxyl group must be replaced hy azide with inversion of configuration. First, however, a leaving 
group must be introduced, and it must be introduced in such a way that the configuration at the chirality 
center is not altered. The hest way to do this is to convert (R)-sec-butyl alcohol to its corresponding 
p-toluenesulfonate. 


нс | мањи gud 0 
(DH. ade м E T 
CH;CH; Син 


(R)-sec-Butyl alcohol (R)-sec-Butyl p-toluenesulfonate 
Next, convert the p-toluenesulfonate to the desired azide by an $42 reaction. 


H О н 


MQ: | i4CHs 
о усн М NC 
CHCH О CH;CH; 
(R)-sec-Butyl p-toluenesulfonate (S)-sec-Butyl azide 


This problem is carried out in exactly the same way as the preceding one, except that the nucleophile in 
the second step is HS7. 


H -toluenesulfonyl н О H 
Beg OH Pe lands Hsc b OS CH NaSH Hats eas 
/ pyridine / il 3 \ 
CHCH; CHCH о CH;CH; 


(R)-sec-Butyl alcohol (R)-sec-Butyl p-toluenesulfonate (S)-2-Butanethiol 


The two possible combinations of alkyl bromide and alkoxide ion that might yield tert-butyl methyl 
ether are 


fast 


1. CHBr +  (CHj4CO —“ (CH3);COCH3 
Methyl bromide tert-Butoxide tert-Butyl methyl ether 
ion 
2. сњо + (CHj.CBr —@~ (CH,),COCH, 


Methoxide ion tert-Butyl bromide tert-Butyl methyl ether 
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(c) 


8.35 (а) 


(b) 
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We choose the first approach because it is an 52 reaction on the unhindered substrate, methyl bromide. 
The second approach requires an 52 reaction on a hindered tertiary alkyl halide, a very poor choice. 
Indeed, we expect that the reaction of methoxide ion with tert-butyl bromide would not give any ether at 
all but would proceed entirely by E2 elimination: 


fast 


CHOT + (CH4A4CBr CHOH + H;C—C(CH3) 
Methanol 2-Methylpropene 


Again, the better alternative is to choose the less hindered alkyl halide to permit substitution 


to predominate over elimination. 
[ок + CH3Br [ось 


Potassium Methyl Cyclopenty! 
cyclopentoxide bromide methyl ether 
An attempt to prepare this compound by the reaction 


O + СНзОМа [ось 


Chiorocyclopentane Sodium Cyclopentyl 
methoxide methyl ether 


gave cyclopentyl methyl ether in only 24% yield. Cyclopentene was isolated in 31% yield. 


A 2,2-dimethylpropy] halide is too sterically hindered to be a good candidate for this synthesis. 
The only practical method is 
(CH35CCH;OK + CH3CHjBr (CH3)3CCH,OCH,CH3 
Potassium Bromoethane Ethyl 2,2-dimethylpropyl 
2,2-dimethylpropoxide ether 


The problem states that the reaction type is nucleophilic substitution. Sodium acetylide is 
therefore the nucleophile and must be treated with an alkyl halide to give the desired product. 


ма (CZECH + CH4CHjBr CH;CH,C=CH + NaBr 


Sodium acetylide Ethyl bromide 1-Butyne Sodium bromide 


The acidity data given in the problem for acetylene tell us that HC=CH is a very weak acid 

(pK, = 26), so that sodium acetylide must be a very strong base—stronger than hydroxide ion. 
Elimination by the E2 mechanism rather than 542 substitution is therefore expected to be the principal 
(probably the exclusive) reaction observed with secondary and tertiary alkyi halides. The substitution 


reaction will work well with primary alkyl halides but will likely fail for secondary and tertiary ones. 
Alkynes such as (СНз)›СНСЕСН and (CH3)3CC=CH could not be prepared by this method. 
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8.36 The compound that reacts with trans-4-tert-butyicyclohexanol is a sulfonyl chloride and converts the alcohol 
to the corresponding sulfonate. 


OH pyridine Wine a: NO 
E ox зо > (СНС | e | 


Compound А 


Reaction of compound А with lithium bromide in acctone effects displacement of the sulfonate leaving group 
by bromide with inversion of configuration. 


Br 
LiBr 
(CH3) moe у-н acetone " Gone 
3/3 
Compound A cis-1-Bromo-4-fert-butylcyclohexane 


Compound B 


8.37 (а) To convert trans-2-methylcyclopentanol to cis-2-methylcyclopentyl acetate, the hydroxyl group must be 
replaced by acetate with inversion of configuration. Hydroxide is a poor leaving group and so must first 
be converted to a good leaving group. The best choice is p-toluenesulfonate, because this can be 
prepared by a reaction that alters none of the bonds to the chirality center. 


p-toluenesulfonyl 
IRE C ERE TEES T ык T AT. а 
~ chloride, pyridine 


нс он HC от 


trans-2-Methylcyclopentanol trans-2-Methyleyclopentyl 
p-toluenesulfonate 


Treatment of the p-tolucnesulfonate with potassium acetate in acetic acid will proceed with inversion of 
configuration to give the desired product. 


i 
KOCCH; 
—— el 
a acetic acid 
H3C OTs Н.С она 
О 
trans-2-Methylcyclopentyl cis-2-Methylcyclopentyl 
p-toluenesulfonate acetate 


(b) To decide on the best sequence of reactions, we must begin by writing structural formulas to determine 
what kinds of transformations are required. 


E 
ЊС = 
?" OH ЊС OCCH; 
О 
f-Methyicyclopentanol cis-2-Methylcyclopentyl 


acetate 
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We already know from part (a) how to convert trans-2-methylcyclopentanol to 
cis-2-methylcyclopentyl acetate. So it is necessary is to design a synthesis of trans-2- 
methylcyclopentanol. Therefore, 


e H2504 O 1._B2H6 b 
T heat 2. H202, НО" 2 
ВС бн НзС HC он 


1-Methylcyclopentanol 1-Methyicyclopentene trans-2-Methylcyclopentanol 


Hydroboration-oxidation converts 1-methylcyclopentene to the desired alcohol by anti-Markovnikov 
syn hydration of the double bond. The resulting alcohol is then converted to its p-toluenesulfonate and 
treated with acetate ion as in part (a) to give cis-2-methylcyclopentyl acetate. 


8.38 (a) Thereaction of an alcohol with a sulfonyl chloride gives a sulfonate. The oxygen of the alcohol remains 
in place and is the atom to which the sulfonyl group hecomes attached. 


CH45O0;CI 
H OH пуна“ H OSO2CH3; 
CH;CH4 CH,CH3 
(8)-(+)-2-Вшапо! (S)-sec-Butyl methanesulfonate 


(b) Sulfonate is similar to iodide in its leaving-group behavior. The product in part (a) is attacked by 
NaSCH;CH, in ап 5,2 reaction. Inversion of configuration occurs at the chirality center. 


CH; CH; 
н—|—о$о;Сн» SCHO, сньсн— в 
CH3CHs CHCH; 
(S)-sec-Butyl methanesulfonate (R)-(-)-sec-Butyl ethyl sulfide 


(c) In this part of the problem, we deduce the stereochemical outcome of the reaction of 2-butanol with 
PBr;. We know the absolute configuration of (4)-2-butanol (5) from the statement of the problem and 
the configuration of (—)-sec-butyl ethyl sulfide (R) from part (P). We are told that the sulfide formed 
from (+)-2-butanol via the bromide has a positive rotation. It must therefore have the opposite 
configuration of the product in part (5). 


CH; CH; 
нон Pr CH;CHCH;CH; А н—|--зањснњ; 
CH;CH3 Br CH;CH; 


(S)-(+)-2-Butanol 2-Bromobutane (S)-(+)-sec-Butyl ethyl sulfide 
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8.39 


8.40 


Because the reaction of the bromide with NaSCH,CH, proceeds with inversion of configuration at the 


chirality center and because the final product has the same configuration as the starting alcohol, the 
conversion of the alcohol to the bromide must proceed with inversion of configuration. 


CH; CH3 
H—— oH РВ; s-a 
CH;CH3 CH;CH3 
(S)-(+)-2-Butanol (R)-(-)-2-Bromobutane 
(d) The conversion of 2-butanol to sec-butyl methanesulfonate does not involve any of the bonds to the 


chirality center, and so it must proceed with 100% retention of configuration. Assuming that the reaction 
of the methanesulfonate with NaSCH»CH, proceeds with 100% inversion of configuration, we conclude 
that the maximum rotation of sec-butyl ethyl sulfide is the value given in the statement of part (5), that 
is, +25°. Because the sulfide produced in part (c) has a rotation of +23°, it is 92% optically pure. It is 
reasonable to assume that the loss of optical purity occurred in the conversion of the alcohol to the 
bromide, rather than in the reaction of the bromide with NaSCH,CH3. If the bromide is 92% optically 


pure and has a rotation of –38“, optically pure 


38 
2-bromobutane therefore has a rotation of 092 ‚ or +41°, 


Methanesulfonyl chloride reacts with the alcohol functional group to give the sulfonate product. Pyridine 
reacts as a mild base with the HCI that is formed to give pyridinium chloride as a byproduct. 


0 
О Hc-$-cI à О 
О О il EN 
H-0 == НОО + | 
E 
№ Н 


(a) Tertiary alkyl halides undergo nucleophilic substitution only by way of carbocations: 5 І is the most 
likely mechanism for solvolysis of the 2-halo-2-methy!butanes. 


т 
CH,CCH;CH; 
CH; 


2-Halo-2-methylbutanes are 
tertiary alkyl halides. 


(b) Tertiary alkyl halides can undergo either E1 ог E2 elimination. Because no alkoxide base is present, 
solvolytic elimination most likely occurs by an Ef mechanism. 


(c,d). Iodides react faster than bromides. in substitution and elimination reactions irrespective of whether the 
mechanism is El, Е2, Syl, ог Sy2. 
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(e) Solvolysis in aqueous ethanol can give rise to an alcohol or an ether as product, depending on 
whether the carbocation is captured by water or ethanol. 


(CH); CCH;CH; E (CH); CCH;CH; + (CH); CCH;CH; 

X OH OCH;CHs 
2-Methyl-2-butanol Ethyl 1,1- 

dimethylpropyl ether 


(f) Elimination can yield either of two isomeric alkenes. 


(СНА CEDCHS H;C—-CCH;CH; + (CH3),C=CHCH, 
X CH3 


2-Methyl-1-butene 2-Methyl-2-butene 
Zaitsev's rule predicts that 2-methyl-2-butene should be the major alkene. 


(g) The product distribution is determined by what happens to the carbocation intermediate. If the 
carbocation is free of its leaving group, its fate will be the same no matter whether the leaving group is 
bromide or iodide. 


8.41 Both aspects of this reaction—its slow rate and the formation of a rearranged product—have their 
origin in the positive character developed at a primary carbon. The alcohol is protonated and the carbon— 
oxygen bond of the resulting alkyloxonium ion begins to break: 


CH3 CH н CH3 ü 
| oe HBr i t^ | 6+ b+ 

ОСЕ Он CH3CCH2-Q) CH;C-CH;- ---O. 
CH; cH, Н СН; 


2,2-Dimethyl-1-propanol 


As positive character develops at the primary carbon, a methyl group migrates. Rearrangement gives a 
tertiary carbocation, which is captured by bromide to give the product. 


CH; "D еа CH; 


MET: &, H -H20 + Вг; [ 
CH,C-CH;-——-0 CH.C-CHcH, —“ CH,C-CH;CH; 
CH; H CH; Ви 


en 


2-Bromo-2-methylbutane 


8.42 The substrate is a tertiary alkyl bromide and can undergo Sy substitution and Ei elimination under these 
reaction conditions. Elimination in either of two directions to give regioisomeric alkenes can 


also occur. 
B OCCH 
r 3 
[ СЊСОЖ " с a 
CH3CCEDCHS CHICO стенен + ЊС:== сев + па SN 
CH, CH; CH; HC СН; 
2-Вгото-2- 1,1-Dimethylpropyl 2-Methyl-1-butene 2-Methyl-2-butene 


methylbutane acetate 
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8.43 In dihydrocarveol p-toluenesulfonate (Section 8.12), the toluene sulfonate substituent is equatorial in the 
most stable conformation. It is not anti coplanar to any hydrogen in the cyclohexane ring. Elimination is not 
favored. 


H and OTs 


О pet мы 
M are nof anti coplanar, H 
|“ T E2 cannot кыр. o 

О 


(+)-Dihydrocarveol 
p-toluenesulfonate 


For the other stereoisomer, the toluenesulfonate substituent is axial in the most stable conformation. This 
axial orientation provides for a facile E2 elimination by way of the anti coplanar arrangement of the H and 


the OTs group. 
|| Ы ED. 
{уз Е2 
/ С. от 
H and OTs 


are anti coplanar. 
8.44 Alkyl chlorides arise by the reaction sequence 


О О 
il AN | а 
RCH,OH + H;C scl + || RCH;OS CH; + || а 
|| 2 || +7 
О N О М 
Н 


Primary p-Toluenesulfony! Pyridine Primary alkyl p-totuenesulfonate Pyridinium 
alcohol chloride chloride 


О О 
|| H 
Romo Non, + CL ВСН. + = Soi 
О О 
Primary alkyl p-toluenesulfonate Primary alkyl 
chloride 


The reaction proceeds to form the alkyl p-toluenesulfonate as expected, but the chloride anion formed in this 
step.subsequently.acts.as.a.nucleophile.and displaces.p-toluenesulfonate.from.RCH4OTs. 
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8.45 (a) If each act of exchange (substitution) occurred with retention of configuration, there would be no 


observable racemization; k,,, = 0. 
HCE ж— Кекећ CE * — 
4 + Пр ee ч + I 
CH3(CH2)s CH3(CH2)5 
(R)-(~)-2-lodooctane i(R)-(-)-2-lodooctane}* 
(*indicates radioactive Label) 
Therefore, 
К = 0. 


exch 


(b) If each act of exchange proceeds with inversion of configuration, (R)-(—)-2-iodooctane will be 
transformed to radioactively labeled (S)-(+)-2-iodooctane. 


He E cu 
СІ + [ID ——- mC tr 
CH; (CH2) 5 (CH5)s CH3 
(R)-(-}-2-lodooctane [(S)-{+)-2-Iodooctane]* 


Starting with 100 molecules of (R)-(—-2-iodooctane, the compound will be completely racemized when 
50 molecules have become radioactive. Therefore, 


k exch 


(c) If radioactivity is incorporated in a stereorandom fashion, then 2-iodooctane will be 50% racemized 
when 50% of it has reacted. Therefore, 


In fact, Hughes found that the rate of racemization was twice the rate of incorporation of radioactive 
iodide. This experiment provided strong evidence for the belief that bimolecular nucleophilic 
substitution proceeds stereospecifically with inversion of configuration. 


8.46 Iodide ion reacts with (R)-2-chlorobutane with inversion of configuration by ап 5,2 process to give 
(S)-2-iodobutane. 


ch Р CH 
_ НСА ЗАСН; _ 
lic а ы ү „ие „ up + a 
acetone \ 
CHCH; CH4CH; 


lodideion ^ (R)-2-Chlorobutane (S)-2-Iodobutane Chioride ion 
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When some of the (R)-2-chlorobutane has reacted, the solution contains both (R)-2-chlorobutane and 
(S)-2-iodobutane. Iodide is a better leaving group than chloride, so the (S)-2-iodobutane that is formed 
reacts with iodide faster than the starting (R)-2-chlorobutane does. 


H H 

3 ACH; Ee fast = НзСа 2. 
Ес + I = f + Е 

acetone / 

CH;CHa CHCH; 
(5)-2-Iodobutane Iodide ion Todide ion (R)-2-lodobutane 


Thus, the (5)-2-iodobutane undergoes racemization faster than the (R)-2-chlorobutane reacts, and the 
2-iodobutane that is isolated after all the (R)-2-chiorobutane has reacted is racemic. 


8.47 Iodide ion is both a better nucleophile than cyanide and a better leaving group than bromide. The two 
reactions shown are therefore faster than the reaction of cyclopentyl bromide with sodium cyanide alone. 


H Nal H NaCN H 
Br I CN 


Cyclopentyl bromide Cyelopentyl iodide Cyclopentyl cyanide 


8.48 The key to this problem is to convert the OH group into a good leaving group. This is done in step I by 
reaction with tosyl chloride to give the tosylate product. Step 2 is a substitution (542) reaction. 


Step I: 


TsCl = 
OH pytidine OTs 


Citronellol 


i NaCN i 
OTs DMF CN 


ANSWERS TO INTERPRETIVE PROBLEMS 


8.49 D; 850 A; 851 C; 852 D; 8.53 B; 854 B; 855 C 
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Write the correct structure of the reactant or product omitted from each of the following. Clearly indicate 


stereochemistry where it is important. 


CH4CH;CH;CH;B sa tb мз, 
(a) 3CH;2CH;?CH5Br CH,CH,OH 
CN 
NaCN 
[Dod io 


CH; 


(c) 1-Chloro-3-methylbutane + sodium iodide 


а 
"C 


СНзОМа 


А | 
CH,OH ? (major) 


acetone 


(e) о БЫ ESL Жер. 


(f) die ned + NaSCH; 


Br H 
CH; 
Br 
( 8) NaSH 2 
H F 
CH;CH; 


Choose the best pair of reactants to form the following ether by an 5,2 reaction: 


(CH39CHOCH4CH »CHy 


Outline the chemical steps necessary to convert 


CH; CH; 
(a) ast OTs to H CN 
CHCH; CHCH; 
SCH; 


(b) (S)-2-Pentanol to 


(R)-CH4CHCH;CH;CH5 


Hydrolysis of 3-chloro-2,2-dimethylbutane yields 2,3-dimethyl-2-butanol as the major product. Explain this 
Observation, using structural formulas to outline the mechanism of the reaction. 


Identify the class of reaction (e.g., E2), and write the kinetic and chemical equations for 


(a) The solvolysis of tert-butyl bromide in methanol 


(b) The reaction of chlorocyclobexane with sodium azide (NaN) 
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6. (a) Provide a brief explanation why the halogen exchange reaction shown is an acceptable synthetic method: 
Br I 


| И | 
CH,CHCH, + Nal 9".  CH,CHCH, + NaBr 


(b) Briefly explain why the reaction of 1-bromohutane with sodium azide occurs faster іп dimethyl] sulfoxide 
[(CH3)2S=O] than in water. 


7. Write chemical structures for compounds A through D in the following sequence of reactions. Compounds A 
and C are alcohols. 


NaNH; 
ee 


A B 


C HBr, heat D 


B+D ——— сњењо–( ) 


8. Write a mechanism describing the solvolysis (541) of 1-bromo-1-methylcyclohexane in ethanol. 


9. Solvolysis of the compound shown occurs with carbocation rearrangement and yields an alcohol as the 
major product. Write the structure of this product, and give a mechanism to explain its formation. 


CH;CH,CH;CHCH(CH3); H9 Я 
Вг 


CHAPTER 9 


Alkynes 


SOLUTIONS TO TEXT PROBLEMS 


9.1 The reaction is an acid-base process; water is the proton donor. Two separate proton-transfer steps are 


involved. 
Е Lum (+ • "n >. 
С=С: + Н-О-Н SCCEC—H + :0—H 
Carbide ion Water Acetylide ion Hydroxide ion 
н-Н + C=c—H H-Or + H-CEC-H 


Water Acetylide ion Hydroxide ion Acetylene 
9.2 A triple bond may connect C-1 and С-2 or C-2 and C-3 in an unbranched chain of five carbons. 


CH;CH,CH,C=CH CH,CH,C=CCH; 


1-Pentyne 2-Pentyne 
or or 
Pent-1-yne Pent-2-yne 


One of the C;Hg isomers has a branched carbon chain. 
CHCHC- CH 

СН; 
3-Methyl-1-butyne 


or 
3-Methylbut-1-yne 
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9.3 Тһе bonds become shorter and stronger in the series as the electronegativity increases. 


NH3 H50 HF 
Electronegativity: N (3.0) O (3.5) F (4.0) 
Bond distance (pm): М-Н (101) O—H (95) F—H (92) 
Bond dissociation enthalpy (kJ/mol): N—H (435) O—H (497)  F—H (568) 


Bond dissociation enthalpy (kcal/mol): N—H (104) O—H (119) ЕН (136) 


94 (Р) A proton is transferred from acetylene to ethyl anion. 


Сун + c =e 
HCEC-—H + CHCH;  ————- HC=C? + CH;CH; 
Acetylene Ethyl anion Acetylide ion Ethane 
(stronger acid) {stronger base) (weaker base) (weaker acid) 
(pK, 26) (pK, = 62) 


The position of equilibrium lies to the right. Ethyl anion is a very powerful base and deprotonates 
acetylene quantitatively. 


(c) Amide ion is not a strong enough hase to remove a proton from ethylene. The equilibrium lies to 


the left. 
ENG Cn ..— Я 
H,C-CH--H + їн, -== н,с=бн + ‘NH 
Ethylene Amide anion Vinyl anion Ammonia 
(weaker aeid) (weaker base) (stronger base) (stronger acid) 
(pK, = 45) (pK, 36) 


(d) Alcohols are stronger acids than ammonia; the position of equilibrium lies to the right. 


Pun P AK СУ, — ә NT 
CH3CzCCH;0—H * NH2 ——— CH3CzCCH;O. + :NH3 
2-Butyn-1-ol Amide ion 2-Butyn-1-olate anion Ammonia 
(stronger acid) (stronger base) (weaker base) (weaker acid) 
(pK, = 16-20) (pK, 36) 
9,5 (b) The desired alkyne has a methyl group and a butyl group attached to a —-C=C-— unit. Two 
alkylations of acetylene are therefore required: one with a methyl halide, the other with a butyl balide. 
ed 1. NaNH;, NH. = +. NaNH;, NH3 = 
HC=CH TO e CHBr CH;C=CH у снснњењењве CH;CH;CH;CH5Br CH3CECCH;CH;CH;CH; 


Aceiylene Propyne 2-Heptyne 


It does not matter whether the methyl group or the butyl group is introduced first; the order of steps 
shown in this synthetic scheme may be inverted. 


EC 


~ 


An ethyl group and а propyl group need to be introduced as suhstituents опа —С=С-= unit As in 
part (5), it does not matter which of the two is introduced first. 


1. мами», NH; 
2. CHCH;CH;Br 


1. NaNH;, NH; 


HC=CH 2. СН;СН;Вг 


CH;CH;CH;CECH CH4CH;CH;CS CCH;CH; 


Acetylene 1-Pentyne 3-Heptyne 
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9.6 Both 1-pentyne and 2-pentyne can be prepared by alkylating acetylene. АВ the alkylation steps involve 
nucleophilic substitution of a methyl or primary alkyl halide. 


1. NaNH;, NH3 


HC=CH 5 CH3CH;CH;Br 


CH4CH;CH4CECH 


Acetylene 1-Pentyne 


= 1. NaNH;, NH; = 1. NaNH>, NH: Ls 
HC=CH zenne. СНЗСНСЕСН усне 7 CHSCH;CECCH; 


Acetylene 1-Butyne 2-Pentyne 


A third isomer, 3-methyl-1-butyne, cannot be prepared by alkylation of acetylene, because it requires a 
secondary alkyl halide as the alkylating agent. The reaction that takes place is elimination, not substitution. 


НСЕС: + CH3CHCH, E2 HC=CH + H»C=CHCH; 
Br 
Acetylide isopropyl Acetylene Propene 
ion bromide 


9,7 Each of the dibromides shown yields 3,3-dimethyl-1-butyne when subjected to double dehydrohalogenation 
with strong base. 


Br 
| 

(CH),CCCH, ог (CHs)sCCH)CHBr, ог (CH3)CCHCHBr ша (CHy);CC=CH 
Br Br 

2,2-Dibromo-3,3- 1, t-Dibroino-3,3- 1,2-Dibromo-3,3- 3,3-Dimethyl-1-butyne 


dimethylbutane dimethyibutane dimethylbutane 


9.8 (b) The first task is to convert 1-propanol to propene: 


CH,CH;CH;OH 9280: CHyCH=CH, 


1-Propanol Propene 


After propene is available, it is converted to 1,2-dibromopropane and then to propyne as described in the 
sample solution for part (a). 


(c) Treat isopropyl bromide with a base to effect dehydrohalogenation. 


NaOCH;CH; 


(CH;).CHBr CH3CH—CH; 


Isopropyl bromide Propene 


Next, convert propene to propyne as in parts (a) and (b). 


(d) The starting material contains only two carbon atoms, and so an alkylation step is needed at some point. 
Propyne arises by alkylation of acetylene, and so the last step in the synthesis is 


1. NaNH;, NH; 


HC=CH Br 


СН.СЕСН 


Acetylene Propyne 
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The designated starting material, 1,1-dichloroethane, is a geminal dihalide and can be used to prepare 
acetylene by a double dehydrohalogenation. 


CH;CHCI; iuo HC=CH 


1,1-Dichloroethane Acetylene 


(e) The first task is to convert ethyl alcohol to acetylene. Once acetylene is prepared, it can be alkylated with 
a methyl halide, 


H2504 = Brz . 1, NaNH2, NH; = 1. NaNH;, NH; = 
CH3CH;OH Кы” НәС=СН› BiCH;CHjBr у = НС=СН сив,” СН;С=СН 
Ethyl alcohot Ethylene 1,2-Dibromoethane Acetylene Propyne 


9.9 Тһе first task is to assemble a carbon chain containing eight carbons. Acetylene has two carbon atoms and 
can be alkylated via its sodium salt to 1-octyne. Hydrogenation over platinum converts 1-octyne 


to octane. 
NaNH BrCH4(CH;)J,CH Н, (2 moles 
Beson =i Нео XCHCh, HC=ECCHACH CH; 279%. CH.CH;CH(CH24CH; 
Acetylene Sodium 1-Octyne Octane 


acetylide 


Alternatively, two successive alkylations of acetylene with СН.СН,СН,Вг could be carried out to give 
4-octyne (CH3CH;2CH;C— CCH;CH;CH3), which could then be hydrogenated to octane. 


9.10 As the equation preceding the problem in tbe text shows, cis-5-decene can be prepared by reduction of | 
5-decyne using the Lindlar catalyst. 


CHXCHja, | (CH54CH3 


CH&(CH;j;C—C(CH)5CHs Tindar Pt с=с 
H H 
5-Decyne cis-5-Decene 


The task, then, is to prepare 5-decyne from acetylene. This can be accomplished by two successive 
alkylations using 1-bromobutane. 


= 1. NaNH;, NH; =. 1. NaNH;, NH3 v 
HCECH zc?  HCECCH2sCHs снусновг СНУСНУЗСЕССН»зСН: 
Acetylene 1-Нехупе 5-Decyne 


9.11 The desired trans stereochemistry of the product may be achieved by metal-ammonia reduction of 
2-heptyne. 


CH,CEC(CH).CHs — и, с=с 
= ee 


2-Heptyne trans-2-Heptene 


2-Heptyne is available from propyne by alkylation with I-bromobutane. 


1. NaNH;, NH3 


CH;C-CH 5 снуснувг 


CH3C=C(CH2)3CH43 


Propyne 2-Heptyne 
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9.12 (b) Addition of hydrogen chloride to vinyl chloride gives the geminal dichloride 1,1-dichloroethane. 


н›с=снсї Н 


CH4CHCI; 
Vinyl chloride 1,1-Dichloroethane 


(c) Because 1,1-dichloroethane can be prepared by adding 2 moles of hydrogen chloride to acetylene as 
shown in the sample solution to part (a), first convert 1,1-dibromoethane to acetylene by 


dehydrohalogenation. 
CH.CHBe ë pho s нс=сн —Ж#©— снунсь 
1,1-Dibromoethane Acetylene 1,1-Dichloroethane 
9.13 The enol arises by addition of water to the triple bond. 
|| 
CH;C=CCH; + HjO CH3C=CHCH CH4CCH;CH3 
OH 
2-Butyne 2-Buten-2-ol (enol form) 2-Butanone 


The mechanism described in the textbook (Mechanism 9.2) is adapted to the case of 2-butyne hydration as 


shown: 
ФУ . Py) LJ + е 
Hos зон H, «ОН ов 
ЈОН, + СЊСНЕССН === 30: + CH;CH;—CCH, CH4CH;CCH; 
H E A H 
Hydronium 2-Buten-2-ol Water Carbocation 
Ion 
ден :0 
I" MS Н || +H 
CH,CH;—CCHs + о CH,CH;CCH, +  H-Ó$ 
у H H 
Carbocation Water 2-Butanone Hydronium ion 


9.14 Hydration of 1-octyne gives 2-octanone according to the equation that immediately precedes this problem in 
the text. Prepare 1-octyne as described in the solution to Problem 9.9, and then carry out its hydration in the 
presence of тегсигу(П) sulfate and sulfuric acid. 

Hydration of 4-octyne gives 4-octanone. Prepare 4-octyne as described in the solution to Problem 9.9. 


9.15 Each of the carbons that аге part of —-CO2H groups was once part of a —-C=C— unit. The two 
fragments CH,(CH),CO,H and HO,CCH,CH,CO,H account for only 10 of the original 16 carbons. 
The full complement of carbons can be accommodated by assuming that two molecules of H,(CH,)4,CO,H 
are formed, along with one molecule of HO,CCH,;CH,CO H. The starting alkyne is therefore deduced from 
the ozonolysis data to be as shown: 


CH4(CH;CECCH;CH;CEC(CH;4CH; 


"AE ТИИ 


CH4CH;4COH  HO;CCH;,CH;CO;H HO,C(CH)),CH3 
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9.16 


9.17 


9.18 


Three isomers have unbranched carbon chains: 
CH4CHoCHoCH;C—CH  CH4CH;CH;CECCH; CH;CH,C=CCH,CH; 
1-Hexyne 2-Hexyne 3-Hexyne 
Next consider all the alkynes with a single methyl hranch: 


сњенсњсесн | CH,CH;CHCECH | CH;CHCECCH; 
CH; CH; CH; 


4-Methyl-I-pentyne 3-Methyl-]-pentyne 4-Methyl-2-pentyne 
One isomer has two methyl branches. None is possible with an ethyl branch. 


св, 
CH;CCECH 
CH; 


3,3-Dimethyl- [-butyne 
5 4 3 2 1 
(а) СНЗСН»СН»С=СН is 1 pentyne 
5 4 3 21 
(b) СЊСЊСЕССНа is 2-pentyne 


1 2 за 5 6 
(c) CH;CECCHCHCH; is 4,5-dimethyl-2-hexyne 
HC CH; 


5 4 3 2 1 
(d) [> CH; CH; CH; C CH is 5-cyclopropyl-1-pentyne 


3 1 23 
(е) (ы cyclotridecyne 


4 5 6 7 8 9 
(f) CECE ЕНЕН RC CHC ЕН ЕН is 4-butyl-2-nonyne 
3 21 
C=CCH3 


(Parent chain must contain the triple bond.) 


on e 

1 21 3 4 156 

(8) СИЗОСЕСССН; is 2,2,5,5-tetramethyl-3-hexyne 
CH; CH; 


(a) 1-Octyne is HC=CCH»CH2CH2CH,CH2CH3 
(b) 2-Octyne is CH;C=CCH,CH,CH,CH»CH; 
(c) 3-Octyne is CH3CH;C-—CCH5CH;CH;CH; 


(d 


— 


4-Octyne is СИЗСН›СН›С=ССН›СН›СН» 
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(e) 2,5-Dimethyl-3-hexyne is СН НЕО HECHO 
СНз СНз 


(f) 4-Ethyl-1-hexyne is енен GU 
CH;CH; 


(g) Ethynylcyclohexane is (уска 


e 
(h) 3-Ethyl-3-methyl-1-pentyne is Снов 
CH2CH3 


9.19 Ethynylcyclohexane has the molecular formula C,H. All the other compounds аге CgH 4. 


9.20 Only alkynes with thc carbon skeletons shown can give 3-ethylhexane on catalytic hydrogenation. 


Su. 22 | 
Е or en. ör 2 di н; @ moles) nof 


3-Ethyl-1-hexyne 4-Ethyl-1-hexyne 4-Ethyl-2-hexyne 3-Ethylhexane 


9.2] The carbon skeleton of the unknown acetylenic amino acid must be the same as that of homoleucine. The 
structure of homoleucine is such that there is only one possible location for a carbon—carbon triple bond in an 
acetylenic precursor. 


О 
| i 
HCZCCHCH,CHCO- Tem, CH;CH;CHCH,CHCO" 
CH; *NH; CH, “МН: 
СИМО; Homoleucine 
9.22 (a) CH3CH;CH;CH;CH;CHCl; Tuo. CH4CH;CH;CH;CZCH 
1,1-Dichlorohexane 1-Hexyne 
(b) 
1. A uus 
CH4CH;CH;CH4CH- CH, ca: CH;CH;CH;CH;CHCH;Br ino c CH4CH;CH,CH,CECH 
Br 
1-Hexene 1,2-Dibromohexane 1-Hexyne 
() HCSCH QR нс=с: ма СЕКИНИН, CHICHCHCH;CECH 
Acetylene 1-Hexyne 
(d) CH;CH,CH,CH,CH,CHyt КС CHCH;CH;CH;CH-CE, 
t-lodohexane 1-Hexene 


1-Hexene is then converted to 1-hexyne as in part (b). 
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9.23 (a) Working backward from the final product, it can be seen that preparation of 1-butyne will allow the 
desired carbon skeleton to be constructed. 


CH3CH;CECCH;CH, prepared from СЊСЕЊСЕСГ + BrCH;CH; 
3-Hexyne 


The desired intermediate, 1-butyne, is available by halogenation followed by double 
dehydrohalogenation of 1-bntene. 


Br 
| 
СН3СН›СН=СН› + Br CH;CH;CHCH3Br tho CH4CH;CZCH 
1-Butene 1-Butyne 


Reaction of the anion of 1-butyne with ethyl bromide completes the synthesis. 


NaNH; 
NH; 


T CH3CH2Br 


CH4CH;CECH CH;CH,C=Cr Na 


CH4CH;CECCH;CH; 
1-Butyne 3-Hexyne 


(b) Double dehydrohalogenation of 1,1-dichlorobutane yields 1-butyne. The synthesis is completed as in 


part (a). 
CH;CH3CH;CHCH wo CH4CHCECH 
i,1-Dichlorobutane I-Butyne 
(c) 1-Butyne can be prepared from acetylene as follows. 
HC=CH "M Hc=cr ма CERE, нсвссњен, 
Acetylene 1-Butyne 


1-Butyne is then converted to 3-hexyne as in patt (a). 


9.24 A single dehydrobromination step occurs in the conversion of 1,2-dibromodecane to С, 5 Н Br. Bromine 
may be lost from C-1 to give 2-bromo-1-decene. 


g KOH Caf 
BrCH,CH(CH2)7CH; anaes H;C—-C(CH;);CH; 
Br Br 
1,2-Dibramodecane 2-Bromo-1-decene 


Loss of bromine from C-2 gives (E)- and (Z)-1-bromo-1-decene. 


H (CH2)7CH3 Br (CH2)7CH3 
НЕЛИ | | KOH. eng d, Ns cr 
ВАСО СНО ТОРЕ ааа à С=с, + С=с, 


Вг r H H H 


1,2-Dibromodecane (E)-1-Broino-I-decene (Z)-1-Bromo-1-decene 
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9.25 (a) CH3CH2,CH2,CH2C=CH + 2H, 


1-Hexyne 


(Б) CH;CH,CH,CH,C=CH + Н; 


1-Нехупе 
Бы Li 
(с) CH;CH,CH,CH,C=CH  —mui 
1-Hexyne 
(d) CH,CH)CH,CH)C=CH i 


1-Hexyne 


(e) CH;CH)CH,CH,C=Cr Na! + CHGCH;CH;CHjBr 


Sodium 1-hexynide 


(f) СЫзСН»СН»СН›С=С Na’ + (CH3)3CBr 
3 


Sodium 1-hexynide 
au HCI 
(g) CH3CH;CH;CH;C—CH (I mol) 
1-Hexyne 
2 HCI 
(h) CH3CH?CH;CH;C—CH (2 mol) 
1-Hexyne 
| _ Ch 
6) CH3CHzCH)CH{C=CH ат 
1-Нехупе 
Cb 


(jJ) CH;CH,CH,CH,C=CH 


1-Нехупе 


1-Вготоршале 


tert-Butyl 
bromide 


(2 mol) 
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B CH4CH;CH;CH;CH;CH; 
Hexane 
Lindlar Pd 


CH4CH;CH;CH;CH—CH; 
1-Hexene 
CH;CH;CH;CH;CH—CH, 
1-Hexene 
CH4CH;CH;CH;CmCt Ма’ 


Sodium 1-һехупійе 


CH3CH2CH2CH2C=CCH2CH»CH2CH, 


5-Decyne 


CH3CH,CH,CH,C=CH + (CH3),C=CH) 


i-Hexyne 2-Methylpropene 


СЫС ОН - ОН; 
Cl 


2-Chloro-1-hexene 


а! 
| 
CH;CH;CH;CH;CCH; 
c 


2,2-Dichlorohexane 


(E)-1,2-Dichloro-1-hexene 


CI 
CH;CH;CH;CH;CCHCh 
Cl 


1,1,2,2-Tetrachlorohexane 
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(k) CH3CH;CH;CH;CECH 


|-Нехупе 


() CH3CH;CH;CH;C—-CH 
1-Нехупе 
9.26 


(а) CH3CH2,C=CCH2CH, 


3-Hexyne 

(b CH4CH;CECCH;CH; 
3-Hexyne 

(c) CH4CH;CE CCH;CH; 


3-Hexyne 


(d 


> 


CH4CH;CZCCH;CH; 


3-Hexyne 


(e) CH;CH,»C=CCH,CH; 


3-Hexyne 


3-Hexyne 
(2) CH3;CH;C=CCH2CH3 


3-Hexyne 


H20, H2504 


Ch 


(2 mol) 
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i 
CH4CH;CH;CH;CCH; 


HgSO, 
2-Hexanone 
О О 
1,03 Н Ш 
210 CH4CH,CH;CH;COH + HOCOH 
Pentanoic acid Carbonic acid 
2H; Pt CH4CH;CH;CH;CH;CH; 
Hexane 
Lidrpy СНЭСН, = НН: 
Н; УТЛА 
H H 
(Z)-3-Hexene 
р CH4CH; H 
E `с=с 
МН; 
: H/ CHCH, 
(£)-3-Hexene 
HCI СЕ о. 
(1 mol) С=С, 
Cl CH4CH3 
(Z)-3-Chloro-3-hexene 
Cl 
НЕ CH;CH,CCH,CH,CH 
(2 mol} 3 ^ 2—12 3 
а 
3,3-Dichlorohexane 
e CHCH, (Cl 
(1 тор С=С, 
а! СН›СН» 


(E)-3,4-Dichloro-3-hexene 


cl c 
CH;CH,C-CCH;CH; 
c ce 


3,3,4,4- Tetrachlorohexane 
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i 
(h) CHyCH,C=CCH,CH; aa CH4CH;CCH;CH;CH; 
3-Hexyne 3-Hexanone 


| | i 
() CHjCH,C=CCH,CH, — To 2CH,CH;COH 


3.Hexyne Propanoic acid 
9.27 The two carbons of the triple bond are similarly but not identically substituted in 2-heptyne, 


CH3CzCCH;CH;CH;CH;. Two regioisomeric enols are formed, each of which gives а different ketone. 


OH OH 
i [ 
CH4CECCH;CH,CH;CH; er de CHC-CHCH,CH,CH,CH, + CH;CH=CCH,CH,CH,CH, 


2-Heptyne 2-Hepten-2-ol 2-Hepten-3-ol 


il Ji 
СНЗССН.СН2СН2СН.СНз CH3CH;CCH;CH;CH;CH; 
2-Heptanone 3-Heptanone 


9.28 The alkane formed by hydrogenation of (S)-3-methyl-1-pentyne is achiral; it cannot be optically active. 


CH;CH; ` = 
С—С =CH 2 CH;CH;CHCH;CH; 
HC СН; 
(S)-3-Methyl-1-pentyne 3-Methylpentane 
(does not have a chirality 


center; optically inactive) 


The product of hydrogenation of (S)-4-methyl-1-hexyne is optically active because a chirality center is 
present in the starting material and is carried through to the product. 


CHCH, 4 К CHCH, H 
C-CH,C-CH К ССН;СН›СН» 
H3C HC 
(S)-4-Methyl-1 -hexyne (S)-3-Methy lhexane 


Both (S)-3-methyl-1-pentyne and (S)-4-methyl-i-hexyne yield optically active products when their triple 
bonds are reduced to double bonds. | 
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9.29 (a) The dihaloalkane contains both a primary alkyl chloride and a primary alkyl iodide functional group. 
Iodide is a better leaving group than chloride and is the one replaced by acetylide. 


NaC=CH + CICH;CH;CH;CH;CH;CHojl CICH?CH;CH;CH;CH;CH;C- CH 


Sodium ]-Chloro-6-iodohexane 8-Chloro-1-octyne 
acetylide 


(b) Both vicinal dibromide functions are converted to alkyne units on treatment with excess sodium amide. 


1. excess МаМН2, МН 


BICH;CHCH;CH;CHCHoBr. зо HC=CCH,CH,C=CH 
Br Br 
1,2,5,6- Tetrabromohexane 1,5-Hexadiyne 


(c) The starting material is a geminal dichloride, Potassium tert-butoxide in dimethyl sulfoxide is 
a sufficiently strong base to convert it to an alkyne. 


Cl 
| KOC(CH3)3, DMSO = 
D> ocr, бот heat. S [> с =CH 
CI 


1.1-Dichloro-1- Ethynyleyclopropane 
cyclopropylethane 


(d) Alkyl p-toluenesulfonates react similarly to alkyl halides in nucleophilic substitutions. 
The alkynide nucleophile displaces the p-toluenesulfonate leaving group from ethyl 


p-toluenesulfonate. 
O 
Re A Жо РИ = 
с=с + CH;-0$ CH; CzCCH;CH; 
О 
Phenylacetylide ion Ethyl p-toluenesulfonate 1-Pheny!-!-butyne 


CH; 


(e) Bothcarbons ofa —C=C— unitare converted to carboxyl groups (—CO,H) on ozonolysis. 


О О 
1.03 || || 
| 2 н.о” НОС(СН СОН 


Cyclodecyne Decanedioic acid 


(f) Ozonolysis cleaves the carbon-carbon triple bond. 


О 
A” CoH D 
у 1.0; CX + HOCOH 
2.H 
OH | OH 
1-Ethynylcyclohexanol 1-Hydroxycyclohexane- Carbonic acid 


carboxylic acid 
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11 
(2) Hydration of а terminal carbon-carbon triple bond converts it to а ——ССН» group. 


је нр о 
CH;CHCH,CC-CH ee CH;CHCH;C-CCH; 
CH, CH; CH; СН; 
3,5-Dimethyl-1-hexyn-3-ol 3-Hydroxy-3,5-dimethyl-2-hexanone 


(A) Sodium-in-ammonia reduction of an alkyne yields a trans alkene. The stereochemistry of a double bond 
that is already present in the molecule is not altered during the process. 


CH,CH;CH;CH;, —_,CH(CH),C=CCHCH,0H 
РА zi ~ 


H H 
(Z)-13-Octadecen-3-yn-1-ol 


1. Ма, NH; 
2. H20 


CH3CH2CH2CH,, CHCH} Н 
C= 


и 


M 4 x 
H H H CH;CH;OH 
(3E,13Z)-3,13-Octadecadien-1-oi 


( The primary chloride leaving group is displaced by the alkynide nucleophile. 


mW + NaC=CCH,CH2CH,CH3 C. 


О O(CH3)gCl О O(CHj)gC- CCH;?CH;CH5CH4 
8-Chlorooctyl Sodium 1-hexynide 9-Tetradecyn-1-yl tetrahydropyranyl ether 
tetrahydropyranyl ether 


(j) Hydrogenation of the triple bond over the Lindlar catalyst converts the compound to a cis alkene. 
er = О О(СНо)в CH;CH;CH;CHs 
О O(CH3)gC— CCH;CH;CH;CH3 Lindlar Pd AC. 


9-Tetradecyn-1-yl tetrahydropyranyl ether (Z)-9-Tetradecen-1 -yl tetrahydropyranyl ether 
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9.30 (a) Hydrogenation over Lindlar palladium converts an alkyne to a cis alkene. Oleic acid therefore has the 
structure indicated in the following equation: 


н, CH3(CHjs .  ,(CH5;CO)H 
CH3(CH;CzC(CH25CO;H Linda Pd. T on 


Stearolic acid Oleic acid 


Hydrogenation of alkynes over platinum leads to alkanes. 


2H 
CH;(CHjj;CEC(CH;;CO;H — m —- СНУ(СН)6СО›;Н 


Stearolic acid Stearic acid 


(b) Alkynes are converted to trans alkenes on reduction with sodium in liquid ammonia. 


CH«CH), „Н 


== 1. Na, NH n 
CH3(CH;4;CZC(CH24CO;H vu с=с. 
ii: H (CH25;CO;H 
Stearolic acid Elaidic acid 


9.31 Ketones such as 2-heptanone may be readily prepared by hydration of terminal alkynes. Thus, if we had 
| -heptyne, it could be converted to 2-heptanone. 


H,O 


i 
Tuso, Higso; CHSCCCH24CH3 


HCEC(CHj4CH; 
|-Нергупе 2-Heptanone 


Acetylene, as we have seen in earlier problems, can be converted to I-heptyne by alkylation. 


= NaNH Е 

НСЕСН -———-—  НСЕСТ Ма’ 
NH; 

Acetylene Sodium acetylide 


HC=Cr Ма + CH4CH;CH;CH;CHjBr HC=C(CH))4CH3 


Sodium acetylide 1-Bromopentane 1-Heptyne 


9.32 The enol is that of an aldehyde, so there is a hydrogen attached to enol carbon that bears the OH group. 
The enol form of hexanal is 


H 

/ 
CH3CH5CH;5CH5CH г. 

OH 


9,33 Apply the technique of reasoning backward to gain a clue to how to attack this synthesis problem. A 
reasonable final step is the formation of the Z double bond by hydrogenation of an alkyne over Lindlar 
palladium. 


CH3(CH2),, —— „(CH2)12CH3 
C=C 


Hm n 
Lindlar Pd и ~ 
H H 


CH3(CH;;CEC(CH;)3CHs 


9-Tricosyne (Z)-9-Tricosene 
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The necessary alkyne 9-tricosyne can be prepared by a double alkylation of acetylene. 


1. NaNH;, NH; 


1. NaNH;, NH, 
2. CH3(CH)7Br 


HC=CH 2. CH3(CH2)12Br 


CH;(CH)7C=CH CH,(CH,);C=C(CH)) СН; 


Acetylene 1-Decyne 9-Tricosyne 


It does not matter which alkyl group is introduced first. 
The alkyl halides are prepared from the corresponding alcohols. 


HBr 


CH;(CH2)70OH ог PBz; CH,(CH2)7Br 
1-Octanol 1-Bromooctane 
HB 
CH3(CH2) 20H —— Bas CH3(CH2)i2Br 
1-Tridecanol 1-Bromotridecane 


9,34 (a) 2,2-Dibromopropane is prepared by addition of hydrogen bromide to propyne. 


Br 
| 
CH,CECH + 2HBr CH3CCHs 
Br 
Propyne Hydrogen 2,2-Dibromopropane 


bromide 


The designated starting material, 1,1-dibromopropane, is converted to propyne by a double 


dehydrohalogenation. 
1. NaNHz:, NH3 = 
CH3CH;CHBr; 240 СНзС=СН 
1,1-Dibromopropane Propyne 


(b) As in part (a), first convert the designated starting material to propyne, and then add 2 moles of 


hydrogen bromide. 
pt 
CHSCHCH;Br fug => снзс=сн 298 CH;CCH; 
Br Br 
1,2-Dibromopropane Propyne 2,2-Dibromopropane 


(c) Instead of trying to introduce two additional chlorines into 1,2-dichloropropane by free-radical 
substitution (a mixture of products would result), convert the vicinal dichloride to propyne, and then 


add 2 moles of CL. 
г 
CHCHCHC| io^ снсЕси 29 снусснсь 
Cl Cl 


1,2-Dichloropropane Propyne 1,1,2,2-Tetrachloropropane 
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(d) The required carbon skeleton can be constructed by alkylating acetylene with ethyl bromide. 


CH34CH3Br 
—ы—ы—=—-—-——-— 


НСЕСН a НСЕСГ Nat HCZCCH;CH; 
Acetylene Sodium acetylide 1-Butyne 


Addition of 2 moles of hydrogen iodide to 1-butyne gives 2,2-diiodobutane. 


I 
| 

HCzCCH;CH; + 2HI сюрсе 
І 

I -Butyne Hydrogen 2,2-Diiodobutane 


iodide 
(e) The six-carbon chain is available by alkylation of acetylene with 1-bromobutane. 


1. NaNH;, NH; 


НС=СН = CH3CH;CH;CH;Br 


HCzCCH;CH;CH;CH; 
Acetylene ]-Hexyne 


The alkylating agent, 1-bromobutane, is prepared from 1-butene by free-radical (anti-Markovnikov) 
addition of hydrogen bromide. 


peroxides 
a + 


CH;CH,CH=CH, + HBr CH;CH,CH.CH)Br 


1-Butene Hydrogen I-Bromobutane 
bromide 


Once 1-ћехупе is prepared, it can be converted to 1-hexene by hydrogenation over Lindlar palladium or 
by sodium—ammonia reduction. 


Ho, Lindlar Pd 


CH3CH;CH;CH;C—CH or Na, NH3 


CHa4CH5CH;CH;CH-— CH, 
1-Hexyne 1-Нехепе 


(f) Dialkylation of acetylene with 1-bromobutane, prepared in part (е), gives the necessary ten-carbon chain. 


1. NaNH>, NH3 
2. CH3CH;CH;CH;Br 


l. МаМН», NH; 


HC=CH > CHi;CH;CH;CH;C-CH 2. CH.CH;CH;CH;Be- CH3CH;5CH;CH;CECCH;CH;CH;CH; 


Acctylenc 1-Нехупе 5-Decyne 


Hydrogenation of 5-decyne yields decane. 


= 2H 
CH;(CH))3C=C(CH))3CH3 wt CH4(CH;4CH;CH;(CH5),CH4 


5-Decyne Decane 


(2) —A- standard method for-converting-alkenes-to-alkynces-is-to-add--Br;-and-then-earry-out-a-double 


dehydrohalogenation. 
Br n 
CH=CH CH—CH C=C 
Bro NaNH; 
(CH2)13 (CH2) (CH2)13 


Cyclopentadecene 12-Dibromocyclopentadecane Cyclopentadecyne 
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(А) Alkylation of the triple bond gives the required carbon skeleton. 


" 1, NaNH;, NH3 
ФЕС Sai. = ФЕ CCH; 


1-Ethynylcyclohexene 1-(1-Propynylcyclohexene 


Hydrogenation over the Lindlar catalyst converts the carbon-carbon triple bond to a cis double bond. 


H | Ф 
T 2 
=“ Lindlar Pd C MS 
P 
H4C 


1-(1-Propynyi)cyclohexene (Z)-1-(1-Propenyl)cyclohexene 


(i) The stereochemistry of meso-2,3-dibromobutane is most easily seen with a Fischer projection: 


CH3 H Br 
H Br 
which is equivalent to FS 
H Br H Br 
CH3 CH; 


Кеса пе that the addition of Br? to alkenes occurs with anti stereochemistry, rotate the sawhorse 
diagram so that the bromines are anti to each other: 


Br 
H Br 
H CH3 
СНз == 
А „Т, 
СН; Вг 


Thus, the starting alkene must be trans-2-butene. trans-2-Butene is available from 2-butyne by 
metal-ammonia reduction: 


Br 
НС H H CH3 
Na, NH 
CH;C=CCH, — 2—32 с=с. —Bn , 
H CH, НС Н 
Br 
2-Butyne trans-2-B utene meso-2,3-Dibromobutane 


9.35 Attack this problem by first planning a synthesis of 4-methyl-2-pentyne from any starting material in a single 
step. Two different alkyne alkylations suggest themselves: 


(a) from СНзС=С; and BrCH(CH3), 


CH3C=CCH(CH3)2 re from CH3I and :C5CCH(CH3); 


4-Methyl-2-pcntyne 
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Isopropyl bromide is a secondary alkyl halide and cannot be used to alkylate СНзЗС=С: according to 
reaction (а); elimination would occur. A reasonable last step is therefore the alkylation of (СНз):СНС=СН 
via reaction of its anion with methyl iodide. 

The next question that arises from this analysis is the origin of (CHa)2CHC=CH. One of the available 
starting materials is 1,1-dichioro-3-methylbutane. It can be converted to (CH3)>CHC=CH by a double 
dehydrohalogenation. The complete synthesis is therefore 


Т. NaNHo, NH3 1. NaNH2 


(CH3),CHCH,CHCh у > (CHs),CHC=CH aay (CH3),CHCECCH; 


1, i-Dichloro-3-methylbutane 3-Methyl-1-butyne 4-Methyl-2-pentyne 


9.36 (a) Bromine adds anti to the double bond, so from the E-alkene only a meso dibromide is formed. 


H 
Cia. ubi 
С— Са. 
в/5 RNCHS В 
M 
Huc (з Cols By, ‘ 
Ct ЊЕ (anti addition) meso-1,2-Dibromo- identical 
1 ,2-diphenyiethane compounds 
E-1,2-Diphenylethene Br RS CoHs 
P САН 
Не \ 
C6H5 Br 


Tbe reaction with KOH is an E2 reaction, so the reactive conformation will be one in which the bromine 
and hydrogen are anti coplanar. 


N 
H Br CoHs Br“ Br 
C6H5 az / rotate Bra, g Br. Се 
m сена рс ка С сен» 
Вг H H H H C6H5 
"e H 
—” 


Н and Вг are anti coplanar. 


Anti elimination from this conformation will give only the E-vinylic bromide. 


CoHs Br CH 
в кон. Чесс 
4 thanol r 
H b? 6115 ethatio H 


E-vinylic bromide 


(b) If the sequence starts with Z-1,2-diphenyl-ethene, the dibromides will be S, S/R,R (chiral) 


p/s SNH 
Hueso Br, EE 


anti addition 
C6H5 Nc 6Н5 ( ) + enantiomers 


Z-1,2-Diphenylethene Bra R JH 
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Elimination from the reactive conformation of either the 5,5- ог №, R-dibromide gives the Z-vinylic 


bromide. 
in" 
C uH ee tat po В Вг is СЕН 
6 “ас, оше, “oc, 6115 
/S S\H /s SNE C-H H 
T C6H5 H Ы СН; е 
—” H 
Н and Br аге anti coplanar. 
Сен; 
Вга. Ли KOH Сб, END ‘H 
C—C». ———MM» „С=С 
7§ SNH ethanol Br C.H. 
H СН; 6115 


Z-vinylic bromide 


9.37 The reaction that produces compound А is reasonably straightforward. Compound А is 
14-bromo-1-tetradecyne. 


NaC=CH + ВкСН›)›Вг 


Br(CH5),9C—CH 


Sodium acetylide 1,12-Dibromododecane Compound A (C 4H;5Br) 


Treatment of compound A with sodium amide converts it to compound B. Compound B on ozonolysis 
gives a diacid that retains all the carbon atoms of B. Compound B must therefore be a cyclic alkyne, 
formed by an intramolecular alkylation. 


(CH) Cr Ма" о о 

n NaNH. 

Bi(CHjjCSCH 2 lese o x ih ЮЕ ес HOC(CH2);2COH 
(СН2)12 


| 
Gr 


Compound A Compound B 


Compound B is cyclotetradecyne. 


Hydrogenation of compound B over Lindlar palladium yields cis-cyclotetradecene (compound C). 


=є 
NE. _ . 
Lindlar Pd 
(CH2) 


1 


H H 


Compound С (C14H26) 


Hydrogenation over platinum gives cyclotetradecane (compound D). 


Compound D (СН) 
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Sodium-ammonia reduction of compound B yields trans-cyclotetradecene. 


H 


C=C 


Na, NH3 
DII. 
(CH5)1z 
Compound E (С) 426) 


The cis and trans isomers of cyclotetradecene are both converted to O—CH(CH2),20CH—O on ozonolysis, 
whereas cyclotetradecane does not react with ozone. 


ANSWERS TO INTERPRETIVE PROBLEMS 


9.38 D; 9.39 B; 940 A; 941 C; 942 B 


SELF-TEST 


1. Provide the IUPAC names for the following: 


(a) CH;CECCHCH(CH) (c) 
CH; 


CH;CH; 
(b) CHCH;CH;CHCHCECH 
СЊСЊСНа 


2. Give the structure of the reactant, reagent, or product omitted from each of the following reactions. 


HCI (1 mol) 
——— 


(a) CHCH;CH;CCH Я 
(b) cH.CH,CH,cecu PEE 2 

il 
(c) CH3;CH,CH,C=CH CH3CH;CH;CCH; 


== H 
(d) CHCSECCH, ^r 


(о) 1. NaNH; 
€) + — 2.CHSCH9Br 


(CH3)j;CHCZCCH;CH3 


| Cf) CH,CECCH;CH; (E)-2-pentene 


Cl; (1 mol) 


(2) CH3C=CCH2CH; ? 


= 1.0; 
(h) CH3CH;CH;CHCECCH;CHs "gt ? 
CH; 
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Which one of the following two reactions is effective in the synthesis of 4-methyl-2-hexyne? 
Why is the other not effective? 


Br 
| 
1. CH;CH,CHCH3 + CH3;C=CNa 


em 
2. CHyCH,CHC=CNa + CHjl 


Outline a series of steps, using any necessary organic and inorganic reagents, for the preparation of 
(a) 1-Butyne from ethyl bromide as the source of all carbon atoms 

(b) 3-Hexyne from 1-butyne 

(c) 3-Hexyne Кот Í-butene 


О 
|| 
(d) CH4CCH5CH(CH3), from acetylene 


Treatment of propyne in successive steps with sodium amide, I-bromobutane, and sodium in liquid ammonia 
yields as the final product 


Give the structures of compounds A through D in the following series of equations. 


А NaNH;,NHs B 
C HBr, heat D 
B+D CH3CH;CH;CECC(CH3) 


What are the structures of compounds E and F in the following sequence of reactions? 


1. NaNH;, МН» 


| 
2. CH3CH)Br CH4CH;CCH2CH;CH4 


Compound E 


Н,0, Н2$04 
Compound Е = 


Give the reagents that would be suitable for carrying out the following transformation. Two or more reaction 


steps are necessary. 
[esc O 


CHAPTER 10 


Conjugation in Alkadienes and Allylic Systems 


SOLUTIONS TO TEXT PROBLEMS 


10.1 As noted in the sample solution to part (a), a pair of electrons is moved from the double bond toward 
the positively charged carbon. 


(b) њсбс\ён, нб—с=сн, 
CH; CH3 


The two resonance structures are equivalent, and the positive charge is shared equally by the two allylic 


carbons. 
t 
ФЕТ" 


(с) (Уус 


The two resonance structures аге not equivalent; therefore, ће positive charge is not shared equally. In the 
first structure, the positive charge is on a secondary carbon; in the second structure, the carbon bearing the 
positive charge is tertiary. The second structure contributes more to the resonance hybrid than the first. 


10.2 Fortwo isomeric halides to yield the same carbocation on ionization, they must have the same carbon 


-skeleton:--They-may-have their-leaving group at a different location; but-the-earboeations must 
become equivalent by allylic resonance. 
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CH; CH; CH; Cl CH; 
Br | 


3-Bromo-1- 3-Chloro-3- 
methylcyclohexene methylcyclohexene 
CH, CH3 
———À Not an allylic carbocation 
Br 
4-Bromo-1- 


methylcyclohexene 


CH; 


CH, а 
У — Not an allylic carbocation 
CI 


5-Chloro-1- 
methylcyclohexene 


CH; CH; 
A ———- " Not an allylic carbocation 
+ 
Br 


1-Bromo-3- 
methylcyclohexene 


10.3 3-Chloro-1-pentene is a secondary allylic halide with the potential to react by an S41 mechanism with allylic 


rearrangement. 


T 
CH,CISCH —CH=CH; —> CH4CH;CH сн\сн, <> CH4CH;CH—CH—CH3 
GQ 
1 CH 
3-Chloro-1-pentene Resonance contributors to allylic carbocation 


The positive charge is shared between C-1 and C-3. Phenoxide can bond to either to give a mixture of 
isomers. 


CHCH; 
K )-0—©н—сн—сн, and caycucr=ci—cr,—o-{ 3 


1-Ethyl-2-propenyl phenyl ether 2-Pentenyl phenyl ether 
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19.4 


10.5 


10.6 


10.7 


The allylic hydrogens are the ones shown in the structural formulas. 


HH 
и м 


1-Octene 


(b) 


2,3,3- Trimethyl- 1-butene 


1-Methylcyclohexene 


The statement of the problem specifies that in allylic brominations using N-bromosuccinimide the active 
reagent is Br». Thus, the equation for the overall reaction is 


H Br 
+ Вг» ———- t HBr 
2 T 


Cyclohexene Bromine 3-Bromocyclohexene Hydrogen 


bromide 
The propagation steps are analogous to those of other free-radical brominations. An allylic hydrogen is 
removed by a bromine atom in the first step. 


Hydrogen 
bromide 


2-Cyclohexenyl 
radical 


Bromine 
atom 


Сусіоћехепс 


The allylic radical formed in the first step abstracts a bromine atom from Вг, in the second propagation step. 


Bromine 
atom 


2-Cyclohexenyt Bromine 


radical 


3-Bromocyclohexene 


Write both resonance forms of the allylic radicals produced by hydrogen atom abstraction from the alkene. 


yo: 
(СНУ СС, 
CH; 


2,3,3- Trimethyl- 1 -butene 


Both resonance forms are equivalent, and so 2,3,3-trimethyl-1-butene gives a single bromide on treatment 
with N-bromosuccinimide (NBS). 


NBS 


(CH3)3CC=CH 
CHBr 


(CBE CH; 
CH; 


2,3,3- Trimethyl-1- 
butene 


2-(Bromomethyl)-3,3- 
dimethyl-1-butene 


The allylic hydrogens in this hydrocarbon are the most acidic. Therefore, remove a proton from the methyl 
group to form the conjugate base. 


Bas н Гон, —CH=CH—CH=CH, — Base—H + HjC—CH -—CH—CH —CH, 
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Two additional contributors can be generated by allylic resonance of the original structure shown for the 
conjugate base. 

etos i ae CH=CH, = H;C—CH yn CH=CH, === H,C=CH—CH=CH— CH; 


10.8 Drawing the structure of 1,4-cyclooctadiene reveals that ihe double bonds are separated by an sp? carbon 
atom. 1,4-Cyclooctadiene is an isolated diene. 


sp? carbon atom 


1,4-Cyclooctadiene 


10.9 (b) The C-1 and C-3 double bonds of cembrene are conjugated with each other. 


Cembrene 


The double bonds at C-6 and C-10 are isolated from each other and from the conjugated diene system. 


(c) The sex attractant of the dried-bean beetle has a cumulated diene system involving C-4, C-5, and C-6. 
This allenic system is conjugated with the C-2 double bond. 


CH,(CH,)CH,CH= €=CHCH=CHCO,CH, 


10.10 The more stable the isomer, the lower its heat of combustion. The conjugated diene is the most stable 
and has the lowest heat of combustion. The cumulated diene is the least stable and has the highest heat 


of combustion. 
ЕС A 
ye ca H;C—CHCH;CH-—CH, H5C—C-CHCH;CH4 
H CH=CH) 
(E)-1,3-Pentadiene 1,4-Pentadiene 1,2-Pentadiene 
Most stable Least stable 
3186 kJ/mol 3217 kJ/mol 3251 kJ/mol 


10.11 Compare the mirror-image forms of each compound for superimposability. For 2-methyl-2,3-pentadiene, 
2-Methyl-2,3-pentadiene 


HC, СНз НС, СН; 
“с Хе 
| i 
Ñ and | 
Ky KK 
Н.С `H H ‘CH; 


Reference structure Mirror image 
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269 
Rotation of the mirror image 180? around an axis passing through the three carbons of the C=C=C unit 
demonstrates that the reference structure and its mirror image are superimposable. 
HC, СН; HaC, „СНз 

C C 

il || 

07 Rotate 180° n 

ОС 1 ДА 
H CH; НС H 


Mirror image Reoriented mirror image 


2-Methyl-2,3-pentadiene is an achiral allene. 


Comparison of the mirror-image forms of 2-chloro-2,3-pentadiene reveals that they are not 
superimposable. 2-Chloro-2,3-pentadiene is a chiral аПепе, 


2-Chloro-2,3-pentadiene 


Cl CH; Cl. CH HC, Cl 
“с Бе с 
|| || | 
ү апа | Rotate 180" | 
TaN Ky 1 А 
Н.С Н Н CH; НзС Н 


Reference structure Mirror image Reoriented mirror image 


10.12 Both starting materials undergo B elimination to give a conjugated diene system. Two minor products result, 
both of which have isolated double bonds. 


e 
HIC—CHCH;CCH;CH; 
X 


X= OH 3-Methyl-5-hexen-3-ol 
Х = Вг 4-Bromo-A-methyl-1-hexene 


Faster Slowet 


CH; 


| CH; 
H;C—CHCH-CCH;CH; 


| CH; 
H;C-—CHCH;C-—CHCH; 


il 
+ H;C—CHCH;CCH;CH; 
4-Methyl-1,3-hexadiene 


4-Metbyl-1,4-hexadiene 2-Ethyl-1,4-pentadiene 
(mixturc of E and Z isomers; (mixture of E and Z isomers; (minor product) 
major product) minor product) 


10.13 Using НСІ as a representative acid, we can write the protonation of C-2 of 1,3-cyclopentadiene as 


~ 
H н НС: н Hy 


Ка Е iu 


1.3-Cyclopentadiene 3-Cyclopentenyl cation 


The carbocation that is formed is not allylic; therefore, it cannot be stabilized by allylic resonance. 
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10.14 The numbers 1,2 and 1,4 refer to the carbons of the conjugated diene unit, not to the entire carbon chain. 


Therefore, 
CHCH CHCH —CHCH3 1,2-addition 
| Dey 
Ci i 
CH3CH=CH— CH= CH— СНз 
I 3 
mmm mecum 31 CH3CH;CH = CHCHCH3 
1,4-addition = | 
Cl 


As can be seen by the structural formulas, the product of 1,2-addition is 4-chloro-2-hexene whereas the 
product of 1,4-addition is 2-chloro-3-hexene. 


10.15 The two double bonds of 2-methyl-1,3-butadiene are not equivalent, and so two different products of 
1,2-addition are possible, along with one 1,4-addition product. 


T d 
Br 
Росен Z о CEET CH, + Het aia a + BIGHaCCSCBCEDBE 
CH3 СН» CH; CH; 
2-Мету!-1,3- 3,4-Dibromo-3- 3,4-Dibromo-2- 1,4-Dibromo-2- 
butadiene methyl- 1-butene methyl-1-butene methyl-2-butene 
(1,2-addition) (1,2-addition) (1,4-addition) 


10.16 (a) The first alkene has carbonyl groups attached to the carbon-carbon double bond. Carbonyl groups are 
much stronger electron-attracting groups than the -CH,OH group. Stronger electron-attracting groups 


make alkenes more reactive as dienophiles in the Diels—Alder reaction. 


(b) The second dienophile has two carbonyl groups attached to the double bond, while the first has just one. 
The second dienophile (maleimide) is more reactive. 
H 
One carbonyl group | Two carbonyl groups | 
attached to C=C, N О attached to С=С, О. М О 
less reactive: а more reactive: “у 
(с) The second dienophile is more reactive because the sulfone group (SO,CH,) is a stronger electron- 


attracting group than the methyl sulfide group (-SCH,) in the first dienophile. 
|| 
CH3SCH=CH, о а 


10.17 2,3-Di-tert-butyl-1,3-butadiene is extremely unreactive because the s-cis conformation that is required for the 
Diels-Alder reaction is too high in energy. The two tert-butyl groups of 2,3-di-tert-butyl-1,3-butadiene will 
encounter a high level of steric hindrance in the s-cis conformation. 


steric hindrance 
between tert-butyl 
MX | 
rotate са substituents 
CC 


single bond 


s-Trans s-Cis 
(low potential energy) (high potential energy) 


CHAPTER 10: Conjugation in Alkadienes and Allylic Systems 271 


10.18 (а) The molecular formula of the product C,;gHgClO, is that of a 1:1 Diels-Alder adduct between 


2-chloro-1,3-butadiene and benzoquinone. 


О 
Cl C 
* 0 — 
SE 
О 


2-Chloro-1,3- Benzoquinone C409HsCIO; 
butadiene 


1 


О 


(b) Cyanobenzoquinone contains two double bonds that could potentially react in a Diels-Alder reaction 
because they both have electron-attracting carbonyl groups. However, the double bond that is 
substituted with the cyano group is even more dienophilic because tbe cyano group is also electron 


attracting. 
O 
NC 
É A = 
< Y 
О 


10.19 “Unravel” the Diels-Alder adduct as described in the sample solution to part (a). 


C=N P „ы 
(b) PT is prepared from С + 1 
- Su. 
CEN Н“ CEN 
Diels-Alder adduct Diene Dienophile 


(cyano groups are cis) 


О О 
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(c) О is prepared from + | О 
Su 
CH, 9 CH; О 


Diene Dienophile 
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10.20 The major product in the first case follows the Alder rule and gives the endo cycloadduct as the major 


product. In the second example, the major product does not conform to the Alder rule because the ester 
product with the unsaturated carbonyl group is in the exo orientation 


& > 5 


d n 1 Ha Endo isomer, 
H 
d H Hi major cycloadduct 
CH3O, A vi. \, 
2 
T d H 


CH3 o7 
Methyl acrylate 


free 


Transition state 
of major cycloadduct 
predicted by Alder rule 


n. 


p р Exo isomer. 
ІН; і ; 
» H Cik 
А. С 
C— OCH; 


major cycloadduct 
© OCHS 
О 
Methyl TURN 


Transition state 
leading to major cycloadduct 
that is not predicted by Alder rule 


10.21 An electrophile is by definition an electron seeker. When an electrophile attacks ethylene, it interacts 


with the л orbital because this is the orbital that contains electrons. The л* orbital of ethylene is unoccupied 


10.22 Analyze the reaction of two butadiene molecules by examining the symmetry properties of the highest 
occupied molecular orbital (HOMO) of one diene and the lowest unoccupied molecular orbital (LUMO) of 
the other. 


Antibonding 


This reaction is symmetry forbidden. Both interactions involving the ends of the dienes need to be bonding 
for concerted cycloaddition to take place. Here, one is bonding and the other is antibonding 


10.23 Dienes and trienes are given IUPAC names by replacing the -ane ending of the alkane with -adiene or 
-atriene and locating the positions of the double bonds by number. The stereoisomers are identified as E or Z 
according to the rules established in Chapter 5 
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(а) 3,4-Octadiene: CH4CH;CH-— C—- CHCH;CH4CH; 


. CHCH, H 
(b) (E,E)-3,5-Octadiene: C=C H 


^M ~ Ра 
H C=C, 


(c) (Z,Z)-1,3-Cyclooctadiene: 


(d) (Z,Z)-1,4-Cyclooctadiene: Ө 


(е) (E,E)-1,5-Cyclooctadiene: 


H3C H H CH3 
(f) (2E,4Z,6E)-2,4,6-Octatriene: — — 


H 
(g) 5-Allyl-1,3-cyclopentadiene: Ex H—CH, 


МЕЕН < H 
(Л) trans-1,2-Divinylcyclopropane: 


H CH=CH) 


(4) 2,4-Dimethyl-1,3-pentadiene: H,C=CCH= CCH; 
3 
СНз СН» 


10.24 (a) H»C=CH(CH2)s;CH= СН» 1,8-Nonadiene 


(b) EN > 2,3,4,5- Tetramethyl-2,4-hexadiene 


(c) H;C-CH-CH-CH-CH, 3-Vinyl-1,4-pentadiene 


CH=CH) 
(d) CX 3-Isopropenyl-1;4-cyclohexadiene 
H H а 


(e) H ZA Sg (1Z,3E,5Z)-1,6-Dichloro-1,3,5-hexatriene 
CI H H 


(f H;C—-C-CHCH-CHCH,; 1,2,4-Hexatriene 
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(g) (1E,SE,9E)-1,5,9-Cyclododecatriene 


(h) у zeae ‘ un (E)-3-Ethyl-4-methyl-1,3-hexadiene 


10.25 (a) Because the product is 2,3-dimethylbutane, we know that the carbon skeleton of the starting 
material must be 
EX m m 
C C 


Because 2,3-dimethylbutane is CgH,, and the starting material is СЕН) о, fwo molecules of Н, must have 


been taken up and the starting material must have two double bonds. The starting material can 
only be 2,3-dimethyl-1,3-butadiene. 


Pt 


H,C=C—C=CH), + 2H; 
CH; CH; 


(CH3)2CHCH(CHs3)2 


(b) Write the carbon skeleton corresponding to 2,2,6,6-tetramethylheptane. 


DA 


Compounds of molecular formula С, H5; have two double bonds or one triple bond. The only 
compounds with the proper carbon skeleton are the alkyne and the allene shown. 


(CH3)3CC=CCH>C(CH3)3 (CH44CCH-—C-CHRC(CH3 
2,2,6,6-Tetramethy!-3-heptyne 2,2,6,6- Tetramethyl-3,4-heptadiene 


10.26 The dienes that give 2,4-dimethylpentane on catalytic hydrogenation must have the same carbon skeleton as 


that alkane. 
pu = PN NE = = —8—. р а 
я” 27 BS 
(a) (b) (c) 
2,4-Dimethyl- 2,4-Dimethy]- 2,4-Dimethyl- 2,4-Dimethylpentane 
1,3-pentadiene 1,4-pentadiene 2,3-pentadiene 
(conjugated diene) (isolated diene) (cumulated diene) 


10.27 The important piece of information that allows us to complete the structure properly is that the ant repellent is 
an allenic substance. The allenic unit cannot be incorporated into the ring because the three carbons must be 
collinear. The only possible constitution is therefore 


CH; 
CH; 


i 
HO C=CHCCH; 


CH, 
HO 
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10.28 (a) Allylic halogenation of propene with N-bromosuccinimide (NBS) gives allyl bromide. 


H3C—CHCH; N-bromosuccinimide (NBS) Н,С= CHCH,Br 


СС, heat 
Propene Allyl bromide 
(b) Electrophilic addition of bromine to the double bond of propene gives 1,2-dibromopropane. 
H;C-CHCH; Br BrCHCHCH; 
Br 
Propene 1,2-Dibromopropane 


(c) 1,3-Dibromopropane is made from allyl bromide from part (a) by free-radical addition 
of bydrogen bromide. 


H,C=CHCH2Br TTE BrCH;CH;CH?Br 
Allyl bromide 1,3-Dibromopropane 
(d) Addition of hydrogen chloride to allyl bromide proceeds in accordance with Markovnikov's rule. 
H,C=CHCH,Br Н CH;CHCHoBr 
Cl 
Allyl bromide 1-Bromo-2-chloropropane 


(e) Addition of bromine to allyl bromide gives 1,2,3-tribromopropane. 


H,C=CHCH,Br —— BrCH,CHCH;Br 
Br 
Allyl bromide 1,2,3-Tribromopropane 
(f£) Nucleophilic substitution by bydroxide оп allyl bromide gives allyl alcobol. 
H;C—CHCH3Br NOH H,C=CHCH,0H 
Allyl bromide Allyl alcoho! 
(в) Alkylation of sodium acetylide using allyl bromide gives tbe desired pent-1-en-4-yne. 


H.C-CHCHBr “99. ње=снсњс=сн 


Allyl bromide Pent-1-en-4-yne 


(h) Sodium-ammonia reduction of pent-1-en-4-yne reduces the triple bond but leaves the double bond 
intact, Hydrogenation over Lindlar palladium could also be used. 


Na, NH3 


HC=CHCHC=CH_ FH, Lindlar Ра 


H;C— CHCH;CH— CH; 


Pent-t-en-4-yne 1,4-Ретафепе 
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10.29 (a) 


(b) 


(c) 


(d 


~ 
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The desired allylic alcohol can be prepared by hydrolysis of an allylic halide. Cyclopentene can be 
converted to an allylic bromide by free-radical bromination with N-bromosuccinimide (NBS). 


NBS #20 
L heat, peroxides (в Na,CO, С ОН 


Cyclopentene 3-Bromocyclopentene 2-Cyclopentenol 


Reaction of the allylic bromide from part (a) with sodium iodide in acetone converts it to the 


corresponding iodide. 
Nal 
Q acetone ЮЕ 


3-Bromocyclopentene 3-Тодосусјоретеле 


Nucleophilic substitution by cyanide converts the allylic bromide to 3-cyanocyclopentene. 


ЮЕ NaCN С >= 


3-Bromocyclopentene 3-Cyanocyclopentene 


Reaction of the allylic bromide with a strong base will yield cyclopentadiene by an E2 elimination. 


Br NaOCH;CH; 
СНзСН2ОН, heat 


3-Bromocyclopentene 1,3-Cyclopentadiene 
Cyclopentadiene formed in part (d) is needed in order to form the required Diels-Alder adduct. 
T 
О О 
| | COCH3 
> CH,0CCz:CCOCH; / 
СӨС: 
1,3-Cyclopentadiene Dimethyl bieyclo[2.2. 1]heptadiene- 


2,3-dicarboxylate 


10.30 The starting material in all cases is 2,3-dimethyl-1,3-butadiene. 


(a) 


св 
HyC=C—C=CHy 
CH; 


2,3-Dimethyl-1,3-butadiene 


Hydrogenation of both double bonds yields 2,3-dimethylbutane. 


сы 
н;с=с—С=Сн, x 
CH; 


(CH3)92CHCH(CH3) 
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(b) 1,2-Addition of 1 mole of hydrogen chloride will give the product of Markovnikov addition to 
one of the double bonds, 3-chloro-2,3-dimethyl- 1-butene. 
CH; CH; 
"m на! etm 
Hec Cae CH (CH) Се CHO 
CH; CI 


(c) 1,4-Addition will lead to double-bond migration and produce 1-chloro-2,3-dimethyl-2-butene. 
сн om 
нус=с-С=СН; НО. (сњус=ссња 
CH; 


(d) The 1,2-addition product is 3,4-dibromo-2,3-dimethyl-1-butene. 


a и 
нус=с—С=СН› Br BrCH;C- C—CH, 
СН; Вг СН; 


(е) Тһе 1,4-addition product will be 1,4-dibromo-2,3-dimethyl-2-butene. 


сњ CH; 
H;C-C-C-CH, Вг; ВСН;С=ССН›Вг 
CH; CH; 


(f) Bromination of both double bonds will lead to 1,2,3,4-tetrabromo-2,3-dimethylbutane irrespective 
of whether the first addition step occurs by 1,2- or 1,4-addition. 


CH; CH; CH; 
2Br 
H,C=C—C=CH 2 ВгСН:С—ССН2Вг 
СН; Вг Вг 


(2) The reaction of a diene with maleic anhydride is а Diels-Alder reaction. 


О но 
H3C 22 H3C 
NE | о O 
Н.С HC 
О Но 


10.31 The starting material in all cases is 1,3-cyclohexadiene. 


Q 


(a) Cyclohexane will be the product of hydrogenation of 1,3-cyclohexadiene: 
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(b) 1,2-Addition will occur according to Markovnikov's rule to give 3-chlorocyclohexene. 


СІ 
__ ва , 
1,  LAaddiion addition 


(c) The product of 1,4-addition is 3-chlorocyclohexene also. 1,2-Addition and 1,4-addition 
of hydrogen chloride to 1,3-cyclohexadiene give the same product. 


____ на  , 
Табанов ^ 4-addition 


(d) Bromine can add to one of the douhle bonds to give 3,4-dibromocyclohexene: 


Вю 
1 ^ L2-addition ” 


(e) 1,4-Addition of bromine will give 3,6-dibromocyclohexene: 


ВБ 
71.4-аййіноп . 4-addition 
(f) Addition of 2 moles of hromine will yield 1,2,3,4-tetrabromocyclohexane. 

Br 

Br. 

Ф — 2B _ 

Br 

Br 


(g) The constitution of the Diels-Alder adduct of 1,3-cyclohexadiene and maleic anhydride will have a 
bicyclo[2.2.2]octyl carhon skeleton. 
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10.32 In the Diels—Alder reaction, the diene must attain the s-cis conformation. The first diene cannot adopt the 
s-cis conformation because the single bond between the two double bonds is “locked” by the ring in an 
s-trans conformation. For the second compound, the single bond is outside the ring structure, so it can rotate 
to the s-cis conformation. 


s-trans 22 5-cis 
CHCH, С, 


10.33 The two Diels-Alder adducts formed in the reaction of 1,3-pentadiene with acrolein arise by the two 
alignments shown: 


22 m. CHO CHO 
+ | ———- and * | TEL Me 
С CHO CHO s 
CH3 CH; CH; CH3 
3-Methylcyclohexene- 3-Methylcyciohexene- 
4-carboxaldehyde 5-carboxaldehyde 


10.34 Compound B arises by way of a Diels—Alder reaction between compound A and dimethyl 
acetylenedicarboxylate. Compound A must therefore have a conjugated diene system. 


CH; СО»СН» 
Н.С CH; HC CO;CH4 


Compound A Compound B 


10.35 The reaction is a nucleophilic substitution in wbich the nucleophile (CgH;S~} becomes attached to the 


carbon that bore the cbloride leaving group. Allylic rearrangement is not observed; therefore, it is 
reasonable to conclude that an allylic carbocation is not involved. The mechanism is 5,2. 


CH;CH=CHCH,CI + C 2o —cthanol ,. сњен=снена—( У 


1-Chloro-2-butene Sodium 2-Butenyl phenyl sulfide 
benzenethiolate 


10.36 (a) Solvolysis of (CH3);C—CHCH^3CI in ethanol proceeds by an 51 mechanism and involves a carbocation 
intermediate. 


+ 
(CH3)2C— CH=CH 


“СҮ” + 
(CH3).C=CHCH,C! ссн», ССНУ СН, 


E-Chioro-3-methyl-2-butene 


This carbocation has some of the character of a tertiary carbocation. Н is more stable and is therefore 
Н ; Y 
formed faster than allyl cation, H;C— CHCH;. 
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(5) An allylic carbocation is formed from the alcohol in the presence of an acid catalyst. 


H,C-CHÓHCH, + н.о 


H;C-CHCHCH, — 2294. H;C-CHCHCH, 
| 2 p 


OH Px 
H H 
3-Buten-2-ol 


This carbocation is a delocalized one and can be captured at either end of the allylic system by water 
acting as a nucleophile. 


+ 
H,C=CH—CHCH; IDE SEBUBCHS ЊС= CHOC 
+ 
© ÓH 
3-Buten-2-ol 
t H, + -H * 
H;C—CH-CHCH; ХО CH;CH—CHCH; HOCH,CH=CHCH; 
H 
2-Вщеп-1-0] 


(c) Hydrogen bromide converts the alcohol to an allylic carbocation. Bromide ion captures this carbocation 
at either end of the delocalized allylic system. 


HBr ty H ~H,0 + 
CH3CH—CHCH;0H CH4CH—CHCH;-- О. СН»СН=СНСН» 
2-Buten-1-ol 
CH4CH—CH-— CH; CH,CH—CHCHjBr 
Br^ 1-Bromo-2-butene 
T 
CH3CH—CH-— CH, ош CH, 


Br 
3-Bromo-1-butene 


(d) The same delocalized carbocation is formed from 3-buten-2-ol as from 2-buten-1-ol. 


HBr 


CH,;CH—CH=CH, CH,CH=CH—CH, 


снусисн=сн; 
он 


3-Вшеп-2-01 


Because this carbocation is the same as the one formed in part (c), it gives the same mixture of products 
when it reacts with bromide. 


(e) We are told that the major product is 1-bromo-2-butene, not 3-bromo-1-butene. 


CH;CH=CHCH)Br CH3CHCH=CH 
Br 
1-Bromo-2-butene 3-Bromo-1-butene 


(major) (minor) 
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The major product is the more stable one. It is a primary rather than a secondary halide and 
contains a more substituted double bond. The reaction is therefore governed by thermodynamic control. 


10.37 1,2-Addition can occur at either of the two double bonds of the diene system. Protonation of C-1 gives an 
allylic cation for which the most stable resonance form is a tertiary carbocation. Protonation of C-4 
would give a less stable allylic carbocation for which the most stable resonance form is a secondary 
carbocation. Thus, the major 1,2-addition product arises by addition to the C-1, C-2 double bond of the 


diene. 


HCI 


eo 


РЫ 
СІ 


СНз 
2-Methyl-1,3-butadi HC + 3-Chloro-3-methyl- 
-Methyl-1,3-butadiene = АЛ: 3-Chloro-3-methyl- 1 - 
„се Сн CH2 butene (major product) 


Н.С 


10.38 Because both products of reaction of hydrogen chloride with vinylacetylene are chloro-substituted dienes, the 
first step in addition must involve the triple bond. The carbocation produced is an allylic vinyl cation for 
which two Lewis structures may be written. Capture of this cation gives the products of 1,2 and 1,4 addition. 
The 1,2 addition product is more stable because of its conjugated system. The observations of the experiment 
tell us that the 1,4 addition product is formed faster, although we could not have predicted that. 


HCI 


и + 
н›С=С--СН=СН› H,C—-C-CH-—CH, 


HC=C—CH=CH) 


Vinylacetylene 


HyC=C—CH=CH, + H;C-C-CH- CH;CI 


СІ 
2-Chloro-1,3-butadiene 4-Chloro-1,2-butadiene 
(1,2 addition) (1,4 addition) 


10.39 Compare the mirror-image forms of each compound for superimposability. 


2-Methyi-2,3-hexadiene 


(a) 
Нас. СЫ; ње, CH, 
A с A с 
C апа C 
| li 
5 A. 
CHCHí `H н“ 'CH;CH, 


Reference structure Mirror image 
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Rotation of the mirror image 180? around an axis passing through the three carbons of the C=C=C unit 
demonstrates that the reference structure and its mirror image are superimposable. 


Н.С CH НАС, CH 
3 е” 3 3 “с 3 
H | 
i Rotate 180° a 

C 
н“ “CHCH; CH,CH/ `н 
Mirror image Reoriented mirror image 


2-Methyl-2,3-hexadiene is an achiral allene. 


(b) The two mirror-image forms of 4-methyl-2,3-hexadiene are as shown: 


НС, H HC H H, СН; 
A с ^. C C 
|| || || 
" and (7 Rotate 180° i 
PEN VN oN 
НС“  CH4CH3 CH,CHfí ‘CH, HC  CH;CH; 
Reference structure Mirror image Reoriented 
mirror image 


The two structures cannot be superimposed. 4-Methyl-2,3-hexadiene is chiral. Rotation of either 
representation 180? around an axis that passes through the three carbons of the C=C=C unit leads to 
superposition of the groups at the “bottom” carbon but not at the “top.” 


(c) 2,4-Dimethyl-2,3-pentadiene is achiral. Its two mirror-image forms are superimposable. 


H3C, „СНз EBC, „СНз 

C C 

|| t 

C C 

i | 
ње“ "CH, Н.С” "CH, 
Reference structure Mirtor image 


The molecule has two planes of symmetry defined by the three carbons of each CH4CCH, unit. 


10.40 (a) Carbons 2 and 3 of 1,2,3-butatriene are sp-hybridized, and the bonding is an extended version of 
that seen in allene. Allene is nonplanar; its two CH, units must be in perpendicular planes in order 


to maximize overlap with the two mutually perpendicular p orbitals at C-2. With one more 
sp-hybridized carbon, 1,2,3-butatriene has an “extra turn” in its carbon chain, making the molecule 
planar. 


Nonplanar geometry of allene All atoms of 1,2,3-butatriene 
lie in the same plane. 
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(b) The planar geometry of the cumulated triene system leads to the situation in which cis and trans 
stereoisomers are possible for 2,3,4-hexatriene (CH;CH=C=C=CHCH;). Cis-trans stereoisomers 


are diastereomers of each other. 


H H H CH; 
~ и N 7 
х=с=с=с, YC=C=C=C 
ЊС CH3 HC H 
cís-2,3,4-Hexatriene trans-2,3,4-Hexatriene 


10.41 Reaction (a) is an electrophilic addition of bromine to an alkene; the appropriate reagent is bromine in 
carbon tetrachloride. 


Br 
Вг 
CCl, n 
Br^ 


(74%) 


Reaction (4) is an epoxidation of an alkene, for which almost any peroxy acid could be used. Peroxybenzoic 


acid was actually used. 
Br q Br 
Q CsHsCOOH 6 
Br" Br" 


(699%) 


Reaction (c) is an elimination reaction of a vicinal dibromide to give a conjugated diene and requires E2 
conditions. Sodium methoxide in methanol was used. 


Br 
маосну 
| O CH;OH С)» 
Вг” 


(80%) 


Reaction (d) is a Diels-Alder reaction in which the dienophile is maleic anhydride. The dienophile adds from 


the side opposite that of the epoxide ring. 
О О 
(ОР + || о 
О 
О О 


10.42 To predict the constitution of the Diels—Alder adducts, we can ignore the substituents and simply remember 
that the fundamental process is 


4 С 
~ 


OCH; CO;CH; OCH; 


C COCH 
(à) Z è +N —— Ы 


i 
(CH;),8i0~ “ CO;CH4 (CH3)3Si СОСН; 
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СОСН; О 
== C CO;CH; 
(Б) О + Д — ИЛ 
| 
CO CH; CO;CH; 
NO; CH3OCH; 


(c) * | — / 


10.43 Think mechanistically. The reaction of alkenes with N-bromosuccinimide is a free-radical process proceeding 
by way of an allylic radical. 


HH 
Kj 
me 4 — Вг—н + 


This allylic radical is delocalized with the odd electron shared by two carbons. 


D-O 


Resonance forms of free-radical intermediate 


NO2 


H 


The two isomeric bromides are formed from the same allylic radical. 


H 
Br H - 
D a 
Br 
H H 


3-Bromo-1,5-cyclooctadiene 6-Bromo-i,4-cyclooctadiene 


10.44 (a) Because allyl cation is positively charged, examine the process in which electrons flow 
from the HOMO of ethylene to the LUMO of allyl cation. 


HOMO 
Antibonding, | "m Bonding 


LUMO 


This reaction is forbidden. The symmetries of the orbitals are such that one interaction is bonding 
and the other is antibonding. The ваше answer is obtained if the HOMO of allyl cation and the 
ТОМО of ethylene are examined. 


(b) In this part of the exercise, we consider the LUMO of allyl cation and the HOMO of 1,3-butadiene. 
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а LUMO 


This reaction is allowed by the Woodward-Hoffmann rules. Both interactions are bonding. 
The same prediction would be arrived at if the HOMO of allyl cation and LUMO of 1,3-butadiene 
were the orbitals considered. 


10.45 Because oxygen has two unpaired electrons, it can abstract a hydrogen atom from the allylic position 
of cyclohexene to give a free-radical intermediate. 


+ “0-6. 


H H H 


The cyclohexenyl radical is resonance-stabilized. It reacts further via the following two propagation steps: 


E 
SM t 
weg. aa рн | 


10.46 Compound A is 3-bromo-1-propyne (propargyl bromide), and the reaction is an 5,2 reaction. The carbon 
that is substituted with bromine (a propargylic carbon) is activated toward nucleophilic substitution in a way 
that is similar to the activation of the allylic carbon in allylic halides (see Section 10.4). 


H propagylic carbon activated by 


Compound A. H—CzCc-— с adjacent triple bond for 52 reactions 
Y 


Br 


10.47 The dienophile (B) is 2-chloroacrylonitrile. It is highly reactive in the Diels-Alder reaction due to the 
presence of two electron-attracting groups. 


if 
OCCH; 


Compound A 0 


| Я Cl 


- CN 
Compound B СЕ 
CN Compound C 
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ANSWERS TO INTERPRETIVE PROBLEMS 


10.48 C; 10.49 A; 10.50 B; 10.51 С; 10.52 A; 10.53 D 


SELF-TEST 


1. Give the structures of all the constitutionally isomeric alkadienes of molecular formula С5Н;. 
Indicate which are conjugated and which are allenes. 


2. Provide an acceptable IUPAC name for each of the conjugated dienes of the previous problem, including 
stereoisomers. 


3. Hydrolysis of 3-bromo-3-methylcyclohexene yields two isomeric alcohols. Draw their structures and the 
structure of the intermediate that leads to their formation. 


4. Give the chemical structure of the reactant, reagent, or product omitted from each of the following: 


B r 


(а) CH4CH—CHCH-CHCH; ? (two products) 


НСІ (1 mol) 


(b) HC—CHCH-CH; ? | (two products) 


(c) 9 Diels-Alder 


О 
О 


Вг 
Вг 


т _ 
(о) Q + CH,OCC=CCOCH; 


5, Опе of the isomeric conjugated dienes having the formula CcHg is not able to react with a dienophile in a 


Diels-Aider reaction. Draw the structure of this compound. 


6. Draw the structure of the carbocation formed on ionization of the compound shown. A constitutional isomer of 
this compound gives the same carbocation; draw its structure. 


CH3 


l 
Pass 


CHAPTER 10: Conjugation in Alkadienes and Allylic Systems 287 


7. Give the structures of compounds A and B in the following reaction scheme. 


NBS Compound A Nal 


C 
СС, heat acetone ompound B 


8. Give the reagents necessary to carry out the following conversion. Note that more than one reaction 
Step is necessary. 


Br 


CHAPTER 11 


Arenes and Aromaticity 


SOLUTIONS TO TEXT PROBLEMS 


11.1 Toluene is CgH;CH,; it has a methyl group attached to a benzene ring. 


СН; CH; CH3 


Kekulé forms of toluene Robinson symbol 
for toluene 


Benzoic acid has a — CO;H substituent on the benzene ring. 


COH COH COH 
Kekulé forms of benzoic acid Robinson symbol 


for benzoic acid 


11.2 Given 


+ н, 3122100 C263 ксаутођ 


Cycloheptene Cycloheptane 
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and assuming that there is no resonance stabilization in 1,3,5-cycloheptatriene, we predict that its heat of 
hydrogenation would be three times that of cycloheptene, or 330 kJ/mol (78.9 kcal/mol). The measured heat 
of hydrogenation is 


AH? =- —73.0 kez 
y 3H; 305 kJ/mol (—73.0 cal/mol) 


1.3,5-Cycloheptatriene Cycloheptane 


Therefore 


Resonance energy = 330 kJ/mol (predicted for no delocalization) – 305 kJ/mol (observed) 
= 25 kJ/mol (5.9 kcal/mol) 


The value given in the text for the resonance energy of benzene (152 kJ/mol) is six times larger than this. 
1,3,5-Cycloheptatriene is not aromatic. 


11.3 (b) The parent compound is styrene, СН5СН== СНз. The desired compound has a chlorine in the meta 
position. 


CH=CH, 


Cl 


m-Chlorostyrene 
(c) The parent compound is aniline, С.Н МН.. p-Nitroaniline is therefore 


NH» 


NO, 
p-Nitroaniline 


11.4 There are only three monochloro derivatives of anthracene. Any other monochloro derivative is equivalent to 
one of these. Carbons at the ring junction positions already have four bonds so cannot bear a substituent. 


лету 


1-Chloroanthracene 2-Chloroanthracene 9-Chloroanthracene 


Cl 
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11.5 The most stable resonance form is the one that has the greatest number of rings that are Kekulé 
formulations of benzene. A resonance form for chrysene can be drawn in which all four rings 
correspond to Kekulé structures. 


Chrysene 


11.6 The product that results from addition to the center ring has two intact benzene rings for which Kekulé 
structures can be written in all of the resonance forms. The product formed by addition to either outer ring 
has Kekulé benzene rings in some of the rings of its resonance forms but not in all of them. In two of the 
contributors, only one ring corresponds to Kekulé benzene, and they resemble the less stable resonance 
contributor for naphthalene. 


H Br 
Tn the compound to the left, two rings 
correspond to Kekulé benzene. This holds true 
for all other resonance contributors that can be 
written for this product. 

H Br 


The resonance contributors shown 


Н Bt H Br H ares for the product resulting from the 
addition of bromine to anthracene 
-——- — are shown to the left. Only one 
ring corresponds to Kekulé 
benzene for the two contributors on 
H Br H Вг H Br 


the right. 


11.7 Birch reductions of monosubstituted arenes yield 1,4-cyclohexadiene derivatives in which the alkyl 
group is a substituent on the double bond. With p-xylene, both methyl groups are double-bond 
snbstituents in the product. 


Na, NH3 
nc) CH3 CH;CH;OH = СНз 


p-Xylene 1,4-Dimethyl- 1,4- 
cyclohexadiene 


11.8 By drawing the product obtained if chlorine became attached to a ring carbon, it becomes clear that the 
product is not aromatic. The aromatic product obtained by substitution at the benzylic carbon is much 
more stable than any nonaromatic product that would be formed from addition to the ring. 
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CH; CH; 
H H H 
H H H 
H но 
Ch Ch 
CHCI CH 
2 Cl 2 
H H H 
H H H 
H H 


Observed product 
(aromatic) 


Not observed 
(not aromatic) 


11.9 (b) Only the benzylic hydrogen is replaced by bromine in the reaction of 4-methyl-3-nitroanisole 


with N-bromosuccinimide (NBS). 


OCH; OCH, 
NBS 
80°С, peroxides 
NO; NO; 
CH; СН,Вг 


Only these hydrogens 
are benzylic. 


4-Methyl-3-nitroanisole 4-Bromomethyl-3-nitroanisole 

11.10 The molecular formula of the product is Cj2H4404. Because it contains four oxygens, the product must have 
two —CO2H groups. None of the hydrogens of a tert-butyl substituent on a benzene ring is benzylic, and 
so this group is inert to oxidation. Only the benzylic methyl groups of 4-tert-butyl-1,2-dimethylbenzene are 
susceptible to oxidation; therefore, the product is 4-tert-hutylbenzene-1,2-dicarboxylic acid. 


(CH3)3C (CH3)3C 
Na;Ctr;05 
CH; H20, H550,, heat COH 
Not-benzylic СН» d c COH. 
hydrogens; T 
not readily Susceptible 4-fert-Butylbenze 
oxidized to oxidation -lert-Butylbenzene- 


1,2-dicarboxylic acid 
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11.11 The five-membered ring in 2,3-dihydroindene has two carbons with benzylic hydrogens. Oxidation of 
2,3-dihydroindene with chromic acid would give the 1,2-dicarboxylic acid, phthalic acid. 


Bn НОС 
2 
Both benzylic qe H;CrO, Edi 
carbons have 
hydrogens. ———À НОС 
H H 
2,3-Dihydroindene Phthalic acid 


11.12 Beginning with the structure having the positive charge at the benzylic carbon (left), move electron 
pairs as indicated by the curved arrow to generate a resonance form with a positively charged ortho 
carbon (middle) and another with a positively charged para carbon. 


AO as о 


——— 


11.13 Each of these reactions involves nucleophilic substitution of ће $42 type at the benzylic position of 
benzyl bromide. 


* См СА +. 
(b) (СНз)зСО; CH5;—Br CH;0C(CH3), 
tert-Butoxide Benzyl bromide Benzyl tert-butyl ether 
ion 
—.* + iyo CN s. + »:— 
(с) мм  CH;—Br CH,N=N=N: 
Azide ion Benzyl bromide Benzyl azide 
.5 CN tà 
(d) HS? CHo—Br CH,SH 
Hydrogen Benzyl bromide Phenylmethanethiol 


sulfide ion 
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2 ..— [N 
€ if CH;—Br 


acetone 


[ойе ion Benzyl bromide 
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Benzyl iodide 


11.14 The dihydronaphthalene in which the double bond is conjugated with the aromatic ring is more stable; 
thus, 1,2-dihydronaphthalene has a lower heat of hydrogenation than 1 ,4-dihydronaphthalene. 


1,2-Dihydronaphthalene: 
heat of hydrogenation 
101 kJ/mol (24.1 kcal/mol) 


1,4-Dihydronaphbthalene: 
heat of hydrogenation 
113 kJ/mol (27.1 kcal/mol) 


11.15 (b) The regioselectivity of alcohol formation by hydroboration-oxidation is opposite to that predicted 


by Markovnikov's rule. 


Sos 


CH; 


1. B3Hg 


2-Phenylpropene 


2.H;05, HO- 


( У-епсњон 


CH3 


2-Phenyl-1-propanol (92%) 


(c) Bromine adds to alkenes in aqueous solution to give bromohydrins. A water molecule acts as a 
nucleophile, attacking the bromonium ion at the carbon that can bear most of the positive charge, 


which in this case is the benzylic carbon. 


CH= CH; 
Вг» 
H20 


Styrene 


(d) Peroxy acids convert alkenes to epoxides. 


f 
( y-eicon + (X boon 


Styrene Peroxybenzoic acid 


oH 
CHCHjBr 


2-Bromo-1-phenylethanol (82%) 


D 
—— ( Soie + увы 
NA 
Epoxystyrene Benzoic acid 


(69%--75%) 
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11.16 Styrene contains a benzene ring and will be appreciably stabilized by resonance, which makes it lower in 
energy than cyclooctatetraene. 


(све 


Structure contains an 


aromatic ring 
Styrene: heat of Cyclooctatetraene (not aromatic): 
combustion 4393 kJ/mol heat of combustion 4543 k}/mol 
(1050 kcal/mol) (1086 kcal/mol) 


11.17 The dimerization of cyclobutadiene is a Diels—Alder reaction in which one molecule of cyclobutadiene 
acts as a diene and the other as a dienophile. 


E ET. ee | 
Diene  Dienophile Diels-Alder adduct 


11.18 (b) Compound B is not aromatic for two reasons. Although the compound has six п electrons, they 
are not all part of a ring. Secondly, the sp d -hybridized carbon present in the ring acts as an insulator 
and prevents cyclic delocalization of the x electrons. 
"These x electrons 


are not part of 
the ring. 


сац: 
Н Н 7-р carbon atom 


(c) Compound С is aromatic because it contains two benzene rings. Hückel's гше should only be applied to 


monocyclic compounds. 


Compound C 
(Бірһепур 


11.19 (P) [12]Annulene is а 12-membered ring with six conjugated double bonds. As in part (а), inscribe 
a polygon with 12 sides in a circle with its vertex downward. Place an orbital at each point where 
the polygon contacts the circle. Ten of the п electrons fill the bonding orbitals in pairs. The remaining 
two electrons are in the nonhonding orbitals. Following Huud's rule, these electrons are in separate 
orbitals with parallel spin. [12] Annulene is a highly unstable diradical species and is not aromatic. 


— — Antibonding 


dS 
ti go 


[I2]Aanulene Frost's circle п Electron configuration 
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11.20 One way to evaluate the relationship between heats of combustion and structure for compounds that aré 
not isomers is to divide the heat of combustion by the number of carbons so that heats of combustion 
are compared on a “per carbon" basis. 


TET 


Benzene Cyclooctatetraene 16] Апошепе [18]Annulene 


Heat of combustion 
3265 kmol 4543 kJ/mol 9121 kJ/mol 9806 kJ/mol 
(781 kcal/mol) (1086 kcal/mol} (2182 kcal/mol) (2346 kcal/mol) 


Heat of combustion 
per carbon: 
544 kJ/mol 568 kJ/mol 570 kJ/mol 545 kJ/mol 
(130 kcal/mol) (136 kcal/mol) (136 kcal/mol) (130 kcal/mol) 


As the data indicate (within experimental error), the heats of combustion per carbon of the two aromatic 
hydrocarbons, benzene and [18]annulene, are equal. Similarly, the heats of combustion per carbon of the 
two nonaromatic hydrocarbons, cyclooctatetraene and [16]annulene, are equal. The two aromatic 
hydrocarbons have heats of combustion per carbon that are less than those of the nonaromatic hydrocarbons. 
On a per carbon basis, the aromatic hydrocarbons have lower potential energy (are more stable) than the 
nonaromatic hydrocarbons. 


11.21 As in Problem 11.19, an energy-level diagram can be generated for cycloheptatrienyl cation by inscribing 
a heptagon in a circle with a point down. The cation has six т electrons that fill the bonding orbitals, yielding 
an energy-level diagram similar to Figure 11.14 in the text. 


CJ C) аы =e Antibonding 
! Ч Bonding 


Cycloheptatrienyl — Frost's circle п Electron configuration 
cation 


11.22 Although cycloheptatrienyl radical contains a cyclic, completely conjugated п system, it is not aromatic. 
There are seven x electrons in the radical, a number that does not satisfy Hückel's rule. The seventh electron 
occupies an antibonding orbital. 


Cycloheptatrienyl 
radical 


To be antiaromatic, a species must contain 4r m electrons, where п is a whole number. Cycloheptatrienyl 
radical has seven т electrons and is neither aromatic nor antiaromatic. 
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11.23 The seven resonance forms for tropylium cation (cycloheptatrienyl cation) may be generated by moving 
п electrons in pairs toward the positive charge. The resonance forms are simply a succession of allylic 
carbocations. 


он H H H H H H H 
H H H H H H H H 
H H H H 
H H H H H H 
| | „ка „2 
H H H H H H 
H H H 


11.24 As in previous problems, inscribe a polygon (a pentagon in this case) in a circle with a point down. 
The six л electrons of cyciopentadienyl anion fill the bonding orbitals, as shown in text Figure 11.15. 


ГУ O Antibonding 
E PE Bonding 


Cyclopentadieny! ^ Frost'scircle л Electron configuration 
anion 


m 


T 


11.25 Resonance structures are generated for cyclopentadienide anion by moving the unshared electron pair 
from the carbon to which it is attached to a position where it becomes a shared electron pair in a 


п bond. 
H H H H H H H H H H 
m: ss 
^^ С ——> 
Н с H H H H "ТН ҥнҥ” H H H 
H H H H H 


11.26 (b) Cyclononatetraenide anion has ten л electrons; it is aromatic. The ten л electrons are most easily 
seen by writing a Lewis structure for the anion: there are two л electrons for each of four double 
bonds, and the negatively charged carhon contributes two. 
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11.27 Indole is more stable than isoindole. Although the bonding patterns in both five-membered rings are 
the same, the six-membered ring in indole has a pattern of bonds identical to benzene and so is highly 
stabilized. The six-membered ring in isoindole is not of the benzene type. 


Six-membered N => Six-membered ring does 
H Ф 
ring corresponds «МН по have same pattern of 
to benzene. N un bonds as benzene. 
H 


Indole Isoindole 
more stable less stable 


11.28 The prefix benz- in benzimidazole (structure given in text) signifies that a benzene ring is fused to an 
imidazole ring. By analogy, benzoxazole has a benzene ring fused to oxazole. Similarly, benzothiazole 


has a benzene ring fused to thiazole. 


Qr CX» CO 


Benzimidazole Benzoxazole Benzothiazole 


11.29 The original structure of pyrrole (left) has no formal charges. Reorganizing electrons as shown generates 
resonance forms in which nitrogen has a formal charge of +1. The two structures indicated have their 
negative charge at carbon-3 (middle) and carbon-5 (right). By continuing the electron reorganization, 
two more structures may be written. One has a negative charge at carbon-2, the other at carbon-4. 


H H H H H H 
ПЕРА 
© ЖИА фе 
H N H H SN H H IN H 
Н H н 


11.30 The problem states that pyrrole is 107—109 weaker in basicity than pyridine. Therefore, its conjugate 
acid is 107—103 times stronger. Subtract 7-9 from the pK, of the conjugate acid of pyridine. 


pK, of [Pyrrole—H'"] = pK, of [Pyridine—H*] — (7-9) 
pK, of [Pyrrole—H'*] = 5.2 – (7-9) 


pK, of |Pyrrole—H*] = -1.8 to -3.8 


The conjugate acid of pyrrole is a strong acid. Its pK, of —1.8 to —3.8 is smaller than that of hydronium 
ion (-1.7). The conjugate acid of pyridine is a weak acid. Its pK, is greater than that of hydronium ion. 


11.31 Move electrons in pairs from electron-rich sites toward positive charge to convert the original resonance 
contributor to a resonance form in which the positive charge is on the other nitrogen. 


Hy H, 
INN 


N^ a 
Өе. арЫ [ын H 


Resonance in imidazolium ion 
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11.32 Because the problem requires that the benzene ring be monosuhstituted, all that needs to be examined 
are the various isomeric forms of the C,H, substituent. 


сњ 
ore or 
Butylbenzene sec-Butylbenzene 
(1-phenylbutane) (2-phenylbutane) 
o Нз) o 
Isobutylbenzene tert-Butylbenzene 


Q-methyl- 1-phenylpropane) (2-methyl-2-phenylpropane) 


These are the four constitutional isomers, sec-Butylhenzene is chiral and so exists in enantiomeric 
К and 5 forms. 


11.33 (а) An allyl substituent is — CH; CH—CH;. 


| .CH4CH—CH; 


Allylbenzene 
(b) The constitution of 1-phenyl-1-butene is CsHsCH=CHCH?2CHs. The Е stereoisomer is 


P 


C=C 4 
H^  ^CHCH, 
(£)-1-Pheny!-1-butene 
The two higher-ranked substituents, phenyl and ethyl, are on opposite sides of the double bond. 


(c) The constitution of 2-phenyl-2-butene is CHC =CHEMs . The Z stereoisomer is 


C&Hs 
Cx CH; 
С=с 
H4C^ ^H 


(Z)-2-Phenyl-2-butene 
The two higher-ranked substituents, phenyl and methyl, are on the same side of the double bond. 


(d) 1-Phenylethanol is chiral and has the constitution CH;CHCSHS. Among the substituents attached 


OH 
to the chirality center, the order of decreasing precedence is 


HO» СН5 >СНз>Н 
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In the R enantiomer, the order of decreasing precedence of the three highest-ranked substituents must 
appear clockwise when the lowest-ranked substituent is directed away from you. 


Hc 


om 


(R)-1-Phenylethanol 


(e) A benzyl group is CsH;CH2—. Benzyl alcohol is, therefore, СеН;СН,ОН, and o-chlorobenzyl 


alcohol is 
Ci 
ge 


(f) In p-chlorophenol, the benzene ring bears chlorine and hydroxyl substituents in a 1,4-substitution 


pattern. 
OH 
CI 


p-Chiorophenol 


(g) Benzenecarboxylic acid is an alternative IUPAC name for benzoic acid. 


CO;H 
on 


2-Nitrobenzenecarboxylic acid 
(h) Two isopropyl groups are in a 1,4 relationship in p-diisopropylbenzene. 


CH(CH3)2 


о 


CH(CH3)2 


p-Diisopropylbenzene 
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(i) Aniline is CcH;NH). Therefore 


2,4,6-Tribromoaniline 


|| 
(j) Acetophenone (from text Table 11.1) is СоН5ССНа. Therefore 


HC „0 
bod 


NO; 
m-Nitroacetophenone 


(k) Styrene is СН5СН== СН), and numbering of the ring begins at the carbon that bears the alkenyl 
side chain. 
CH3CH; 
3 


Br ——CH-CH; 


4 
5 6 
4-Bromo-3-ethylstyrene 
11.34 (a) Anisole is ће name for СеН;ОСН;, and allyl is an acceptable name for the group H2C—CHCH»?-— . 
Number the ring beginning with the carbon that bears the methoxy group. 


(b) Phenol is the name for CcH5OH. The ring is numbered beginning at the carbon that bears the 
hydroxyl group, and the substituents are listed in alphabetical order. 


(c) Aniline is the name given to CCH5NH». This compound is named as а dimethyl derivative 
of aniline. Number the ring sequentially beginning with the carbon that bears the amino group. 


ОСН; 
1 
6 2 
5 3 
4 
CH CH=CH; 
(a) Estragole (b) Diosphenol (c) m-Xylidine 


4-Allylanisole 2,6-Diiodo-4-nitrophenol 2,6-Dimethylaniline 
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11.35 (a) There are three isomeric nitrotoluenes because the nitro group can be ortho, meta, or para to the 


methyl group. 


CH; 
NO; 


o-Nitrotoluene 
(2-nitrotolucne) 


m-Nitrotoluene 
(3-nitrotoluene) 


CH; 


NO; 


CH3 


NO; 


p-Nitrotoluene 
(4-nitrotoluene) 


(b) Benzoic acid is CcH;CO;H. In the isomeric dichlorobenzoic acids, two of the ring hydrogens of 
benzoic acid have been replaced by chlorines. The isomeric dichlorobenzoic acids are 


CO;H 
Ci 


CI 
2,3-Dichlorobenzoic 
acid 


COH 
Ci CI 


2,6-Dichlorobenzoic 
acid 


COH 
а! 


Cl 


2,4-Dichlorobenzoic 
acid 


COH 


CI 
Cl 


3,4-Dichlorobenzoic 
acid 


COH 
cl 


Cl 


2,5-Dichlorobenzoic 
acid 


COH 


Cl Cl 


3,5-Dichlorobenzoic 
acid 


The prefixes o-, m-, and p- may not be used in trisubstituted arenes; numerical prefixes are used. 
Note also that benzenecarboxylic may be used in place of benzoic. 


(c) In the various tribromophenols, we are dealing with tetrasubstitution on a benzene ring. Again, 
0-, m-, and p- are not valid prefixes. The hydroxyl group is assigned position 1 because the base 


name is phenol. 


OH 
Br 


Ве 
Вг 


2,3,4- Tribromophenol 


OH 
Br 


Br ВЕ 


2,3,5-Tribromophenol 


OH 


Br Br 


2,3,6-Tribromophenol 
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OH OH OH 
Br Br Br 
Br Br Br 
Br Br Br 


2,4,5-Tribromophenol — 2,4,6-Tribromophenol 3,4,5- Tribromophenol 


(d) There are only three tetrafluorobenzenes. The two hydrogens may be ortho, meta, or para to each other. 


H H H 
Е н Е Е F F 
F F Е Н Е Е 
Е Е Н 


1,2,3,4-Tetrafluorobenzene 1,2,3,5-Tetrafluorobenzene  1,2,4,5-Tetrafluorobenzene 


(e) There are only two naphthalenecarboxylic acids. 


CO;H 
: à ( : COH 
Naphthalene-1- Naphthalene-2- 
carboxylic acid carboxylic acid 


11.36 (a) In the structure shown for naphthalene, one ring but not the other corresponds to a Kekulé form 
of benzene. We say that one ring is benzenoid and the other is not. 


~— This six-membered ring is not benzenoid 
(does not correspond to Kekulé form of 


i benzene). 


This six-membered ring is benzenoid 
(corresponds to a Kekulé form of benzene). 


By rewriting the benzenoid ring in its alternative Kekulé form, both rings become benzenoid. 


e3 CX 
Both rings 


are benzenoid. 


(b) Here a cyclobutadiene ring is fused to benzene. By writing the alternative resonance form of 
cyclobutadiene, the six-membered ring becomes benzenoid. 
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(c) The structure portrayed for phenanthrene contains two terminal benzenoid rings and a nonbenzenoid 
central ring. All three rings may be represented in benzenoid forms by converting one of the terminal 
six-membered rings to its alternative Kekulé form as shown: 


Od — o9 


Central ring All three rings 
not benzenoid benzenoid 


(d) Neither of the six-membered rings is benzenoid in the structure shown. By writing the cyclooctatetraene 
portion of the molecule in its alternative representation, the two six-membered 
rings become benzenoid. 


Six-membered rings Six-membercd rings 
are not benzenoid. are benzenoid. 


(e) Move т electron pairs as shown so that both six-membered rings have an arrangement of bonds 


that corresponds to benzene. 
ae 


Less stable More stable 


11.37 Asin bromination (Problem 11.6), it is the central ring of anthracene that is most reactive. In the 
Diels—Alder reaction with the dienophile, maleic anhydride, the double bonds of the central ring of 
anthracene serve as the diene. 


P ít BEEN Р О с 
CISCO p 


Ср Оз 


11:38 (а) -Hydrogenation-of isopropylbenzene-converts-tbe-benzene-ring to-a-cyclohexane unit. 


TEL deua CH(CH3)» 


Isopropyibenzene Isopropylcyclohexane 
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(b) Sodium and ethanol in liquid ammonia is the combination of reagents that brings about Birch reduction 
of benzene rings. The 1,4-cyciohexadiene that is formed has its isopropyl group as a substituent on 
one of the double bonds. 


{ енен» Na, ethanol nM AO 


Isopropylbenzene 1-Isopropyl-1,4-cyclohexadiene 


(c) Oxidation of the isopropyl side cbain occurs. The benzene ring remains intact. 


Ма; СО, H20 H20 
C “HSO, heat - heat а“ 


Isopropylbenzene Benzoic acid 


(d) N-Bromosuccinimide (NBS) is a reagent effective for the substitution of a benzylic hydrogen. 


{ ees Rs peii г Qd Жш 


Isopropylbenzene 2-Bromo-2-phenylpropane 


(e) The tertiary bromide undergoes E2 elimination to give a carbon-carbon double bond. 


NaOCH2CH3 
Br  сненон” 


2-Bromo-2-phenylpropane 2-Phenylpropene 


11.39 Ali the specific reactions in this problem have been reported in the chemical literature with results 
as indicated. 


(a) Hydroboration—oxidation of alkenes leads to syn anti-Markovnikov hydration of the double bond. 


CH; H г 20H 
(5 1. ВН 6 C6H5 
2. H205, НО" 
1-Phenylcyclobutene trans-2-Phenyl- 


cyclobutanol (82%) 


(b) The compound contains a substituted benzene ring and an alkene-like double bond. When hydrogenation 
of this compound was carried out, the alkene-like double bond was hydrogenated cleanly. 


CH)CH, CH;CH4 


QOO es 


1-Ethylindene 1-Ethylindan (80%) 
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(c) Free-radical chlorination will lead to substitution of benzylic hydrogens. The starting material 
contains four benzylic hydrogens, all of which may eventually be replaced. 


excess „excess Cla 
H 


(65%) 


(d) Epoxidation of alkenes is stereospecific. Groups that are trans in the alkene remain trans in the epoxide. 


О 
C6H5 H | Сен; H 
“= с“ CH4COOH N A 
u^ A CH; acetic acid H О C cH 5 
(E)-1,2-Diphenylethene trans-1,2-Epoxy-1, 2-diphenylethane 


(78%—83%) 


(e) The reaction is one of acid-catalyzed alcohol dehydration. 


OH 
HS0; 
ЕО acetic acid H3C C) C 2 


cis-4-Methyl-1-phenyleyclohexanol 4-Methyl-i- 
phenylcyclohexene (81%) 


(f) This reaction illustrates identical reactivity at two equivalent sites in a molecule. Both alcohol 
functions are tertiary and benzylic and undergo acid-catalyzed dehydration readily. 


HOC(CH3a) CH3C=CH2 
КНЅО; 
heat 
HOC(CH3)2 CH3C=CH 
1,4-Di-(I-hydroxy-L-methylethyD- 1,4-Diisopropenylbenzene (68%) 
benzene 


(g) The compound shown is DDT (standing for the nonsystematic name dichlorodiphenyltrichloroethane). 
It undergoes В elimination to form an alkene. 


NaOCH 
Ges CHCCI, HORT Tom Ger C=CCly 
2 


(100%) 


(ћу Alkyl side chains on naphthalene undergo reactions analogous to those of alkyl groups on benzene. 


СНз CH2Br 
. NBS , 
COR heat heat 
I-Methylnaphthalene ]-(Bromomethyl)- 


naphthalene (46%) 
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(i) Potassium carbonate is a weak base. Hydrolysis of the primary benzylic halide converts it to an alcohol. 


KCO; 
Nw jonc —но” NA ў—снон 


p-Cyanobenzyl chloride p-Cyanobenzyl alcohol (85%) 


11.40 Only benzylic (or allylic) hydrogens are replaced by N-bromosuccinimide (NBS). Among the four bromines 
in 3,4,5-tribromobenzyl bromide, three are substituents on the ring and are incapable of being introduced by 
benzylic bromination. The starting material must therefore have these three hromines already in place. 


Br Br 
NBS 
Br <> CH; benzoyl peroxide peroxide Br Aem 
Br Br 


3,4,5-Tribromotoluene 3,4,5-Tribromobenzyl bromide 
Compound A 


11.41 2,3,5-Trimethoxybenzoic acid has the structure shown. The three methoxy groups occupy the same positions 
in this oxidation product that they did in the unknown compound. The carboxylic acid function must have 
arisen by oxidation of ће -CH,CH=C(CH3), side chain. Therefore 


CH;CH-C(CH3); CO;H 
OCH; — NaCnO; __ OCH; 
H20, H5804, HO, HoSO,, heat 
СНзО ОСН. СНО OCH; 
(C14H2903) 2,3,5-Trimethoxybenzoic acid 


11.42 Hydroboration-oxidation leads to stereospecific syn addition of H and OH to the double bond. 
The regiochemistry of addition is opposite to that predicted by Markovnikov’s rule. Hydroboration-oxidation 
of the E alkene gives alcohol А. 


НК -CH4 
An H 
==. 1.8296 00 ОН 
) ‘ 2, н.о», НО CH, 
Н.С CH; 
В ~CH3 
(E)-2-(p-Anisyl)-2-butene 25,3R 26,35 


Ап= сао )— 
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Alcohol A is a racemic mixture of the 25,3R and 2R,3S enantiomers of 3-(p-anisyl)-2-butanol. 
Hydroboration—oxidation of ће Z alkene gives alcohol В. 


OH H,C~S—H 
An CH3 R 
T 1. ВНв H3C H e OH 
) ( 2. H202, НО“ Ай CH; 
H3C H 5 ў 
Ап СНз H 
(Z)-2-(p-Anisyl)-2-butene (2R,3R) (25,35) 


Alcohol B is a racemic mixture of the 2R,3R and 25,35 enantiomers of 3-(p-anisy!)-2-butanol. 
Alcohols A and B are stereoisomers that are not enantiomers; they are diastereomers. 


11.43 (a) The conversion of ethylbenzene to 1-phenylethyl bromide is a benzylic bromination. It can be achieved 
by using either bromine or N-bromosuccinimide (NBS). 


Bro, light 
CgH,CH,CH. 28% ^ CgH;CHCHs 
NBS, heat | 
Вг 
Ethylbenzene I -Phenylethyl bromide 


(b) The conversion of 1-phenylethyl bromide to 1,2-dibromo-1-phenylethane 


CoH HGH COFBCECEBBI 
Br А Вг 


cannot be achieved cleanly in a single step. We must reason backward from the target molecule, that is, 
determine how to make 1,2-dibromo-1-phenylethane in one step from any starting material. Vicinal 
dibromides are cnstomarily prepared by addition of bromine to alkenes. This suggests that 1,2-dibromo- 
1-phenylethane can be prepared by the reaction 


CsH;CH=CH, + В» Copa C HORDE 
Br 
Styrene 1,2-Dibromo-1- 


phenylethane 


The necessary alkene, styrene, is available by dehydrohalogenation of the given starting material, 
1-phenylethyl bromide. 


NaOCH?;CH; 


Cot HEH; CH;CH;0H C&;H;5CH— CH; 
Br 
1-Phenylethyl bromide Styrene 


Thus, by reasoning backward from the target molecule, the synthetic scheme becomes apparent. 


NaOCH;CH; Во 


Сен CHCH CH;CH;OH СеН5СН=СН, CoH HCH BT 
Br Br 
1-Phenylethyl Styrene 1,2-Dibromo-1- 


bromide phenylethane 
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(c) The conversion of styrene to phenylacetylene cannot be carried out in a single step. As was pointed out 
in Chapter 9, however, a standard sequence for converting terminal alkenes to alkynes consists of 
bromine addition followed by a double dehydrohalogenation in strong base. 


CH,CH-CH, —22 CcHsCHCHoBr Em CeH,CCH 
Br | 
Styrene 1,2-Dibromo-1- Phenylacetylene 


phenylethane 


(d) The conversion of phenylacetylene to butylbenzene requires both a carbon-carbon bond formation 
step and a hydrogenation step. The acetylene function is essential for carbon-carbon bond formation 
by alkylation. The correct sequence is therefore 


NaNH; 


CsH;C=CH NE 


CCEC Na‘ 


Phenylacetylene 


CsHsC=C2 Ма’ + CHj4CHjBr CsHsC=CCH,CH, 


Н 
CeH4CECCH;CH; v C&H3CH;CH;CH;CH; 


Butylbenzene 


(е) The transformation corresponds to alkylation of acetylene, and so the alcohol must first be converted to a 
species with a good leaving group such as its halide derivative. 


PB 
CeHSCH;CH;OH ~ СеН;СН,СН,Вт 
2-Phenylethanol 2-Phenylethyl bromide 
СеН5СН,СН,Вг + NaC=CH C¢HsCH,CH,C=CH 


2-Phenylethyl Sodium 4-Phenyl-1-butyne 
bromide acetylide А 


(f) The target compound is а bromohydrin. Bromohydrins are formed by addition of bromine and 
water to alkenes. 


KOC(CH3)3 = Br? 
СЕН СЊСНоВг (CH3sCcoH" СоН5СНЕСН» но Сеннен; 
OH 
2-Phenylethyl bromide Styrene 2-Bromo-1-phenylethanol 


11.44 The stahility of free radicals is reflected in their ease of formation. Toluene, which forms a benzyl 
radical, reacts with bromine 64,000 times faster than does ethane, which forms a primary alkyl radical. 
Ethylbenzene, which forms a secondary benzylic radical, reacts 1 million times faster than ethane. 


€ Scenes + Bre ———- ox. + HBr 


Bthylbenzene Secondary benzylic 

(most reactive) radical 

C 2-9 + Be ——— C 2-789 * HBr 
Toluene Primary benzylic 


radical 
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CH3CH3 + Bre 


CH;CH, + HBr 


Ethane Primary 
(least reactive) radical 


11.45 A good way to develop alternative resonance structures for carbocations is to move electron pairs 
toward sites of positive charge. 


+ 


CH; CH; СН» CH; 
Q CH, CH; о“ ан 
o-Methylbenzyl cation Tertiary 
carbocation 
+CH; ЄН» CH; СН» 
: aN Ol 
CH; CH; CH; CH; 


m-Methyibenzyl cation 


One of the resonance structures shown for o-methylbenzyl cation is a tertiary carbocation. o-Methylbenzyl 
cation has tertiary carbocation character; m-methylbenzyl cation does not. 


11.46 The rate-determining step in an Syl process is formation of the carbocation. The reactivity order can be 


determined by examining the stability of the carbocations formed remembering the general principle that the 
more stable a carbocation is, the faster it is formed. All three carbocations are secondary; however, the one 
formed from 3-iodocyclopentene is stabilized by conjugation with the double bond and is formed fastest. The 
carbocation formed from 5-iodo-1,3-cyclopentadiene is also conjugated, but it is a cyclic, fully conjugated т 
system having four x electrons and thus is antiaromatic. It is the least stable, and is formed slowest. 


-I Conjugated (allylic) carbocation; 
most stable and formed fastest 
H I 


3-Iodocyciopentene 


пр ы z Secondary carbocation 
+ 


H I 
Todocyclopentane 
f= Antiaromatic-carbocation; 
о ~ 
least stable and formed slowest 
+ 
H I 
5-Iodo-1,3- 


cyclopentadiene 
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11.47 The process is an acid-base reaction in which cyclopentadiene transfers a proton to amide ion (the base) to 
give the aromatic cyclopentadienide anion. The sodium ion (Na*) has been omitted from the equation. 


pcc " 
[x + NH; -—— “Н + NH; 


1,3-Cyclopentadiene Amide ion Cyclopentadienide Ammonia 
anion 


11.48 The resonance structures for the cyclopentadienide anions formed by loss of a proton from 
| -methyl-1,3-cyciopentadiene and 5-methyl-1,3-cyclopentadiene are equivalent. 


H р Н Н 
2 | -Methyl-1,3-cyclopentadiene 


CH; 
H CH; H 


H H 5-Мећу!-1 saae у H H 


H H H H H H H H H H 
Та; СД 
я> > ча ntl С) > 
H ay CH; H CH3 H ССН» H СН; Н CH3 
H H H H H 


11.49 Cyclooctatetraene is not aromatic. 1,2,3,4-Tetramethylcyclooctatetraene and 
1,2,3,8-tetramethylcyclooctatetraene are constitutional isomers. 


СН» CH; 
CH; CH; 
CH; CH; 
CH; CH; 
1,2,3,4- Tetramethyl- 1,2,3,8- Tetramethyl- 
cyclooctatetraene cyclooctatetraene 


Leo A. Paquette at Ohio State University synthesized each of these compounds independently of the 
other and showed them to be stable enough to be stored separately without interconversion. 


11.50 Cyclooctatetraene has eight л electrons and thus does not satisfy the (Ап + 2) л electron requirement 


of the Hückel rule. 
H H 
H H 
H H 
H H 
Cyclooctatetraene. 


Each double bond contributes 
two л electrons to give a total of eight. 
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All of the exercises in this problem involve counting the numher of л electrons in the various species 
derived from cyclooctatetraene and determining whether they satisfy the (Ал + 2) n electron rule. 


(a) Adding one п electron gives a species С.Н. with nine л electrons. 4л + 2, where п is a whole number, 


can never equal nine, This species is therefore not aromatic. 


(Р) Adding two л electrons gives a species (C&Hg?-) with ten л electrons. Ап + 2 = 10 when n = 2. 


The species (CgHg?-) is aromatic. 


(c) Removing one л electron gives a species (CgHg*) with seven m electrons. Ап + 2 cannot equal 7. 


The species (CgHg*) is not aromatic. 


(d) Removing two д electrons gives a species (CgH,?*) with six л electrons. 4л + 2 = 6 when п = 1. 


The species (Сана) is aromatic. (It has the same number of л electrons as benzene.) 


11.51 (a, b) Cyclononatetraene does not have a continuous conjugated system of x electrons. Conjugation 
is incomplete hecause it is interrupted by a CH, group. Thus, (а) adding one more 7 electron or 


(b) two more п electrons will not give an aromatic system. 


E asp carbon in ring 


(c) Removing a proton from the CH; group permits complete conjugation. The species produced has ten 
x electrons and is aromatic, because 4н + 2 = 10 when я = 2. 


H Ht Two n electrons for each double bond 
= Н + 
А H two п electrons for unshared pair 


= ten л electrons 


(d) Removing a proton from one of the sp?-hybridized carbons of the ring does not produce complete 
conjugation; the СН» group remains present to interrupt cyclic conjugation, The anion formed is 
not aromatic. 


11.52 (a) The more stable dipolar resonance structure is À because it has an aromatic cyclopentadienide 
anion bonded to an aromatic cyclopropenyl cation. Tn structure B, neither ring is aromatic. 


Six л electrons 
(aromatic) `~ 


Two п electrons 


Four п electrons 
(not aromatic) 


Four x electrons 


р А Spade 
(aromatie) A+), А: T (not aromatic) 
A B 


(b)..Structure.D.can.be.stabilized by resonance involving а dipolar form..... 


—— Six n electrons 
(aromatic) 
| 
CJ Q- Six n electrons 
(aromatic) 


D 
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Comparabie stabilization is not possible in structure C because neither a cyclopropenyl system nor 
a cycloheptatrienyl system is aromatic in its anionic form. Both are aromatic as cations. 


po т electrons ~ a~ Six п electrons 
(not aromatic) (aromatic) 
<< — — Hn м 
Two п electrons | Four electrons 
к — А А e М 
(aromatic) A+) РАЎ АХ (not aromatic) 
C 


11.53 The major resonance contributor is A, because the electron distribution in each ring satisfies Hückel's rule of 
being a fully conjugated ring with (Ап + 2) л electrons, where п = 1. 


Six л electrons in seven-membered ring Six x electrons in five-membered ring 


Other good resonance structures are possible, although all with (+) charges in the seven-membered ring and 
(—) charges in the five-membered ring. 


11.54 (a) This molecule, called oxepin, is not aromatic. It is antiaromatic. The three double bonds each contribute 
two m electrons, and an oxygen atom contributes two m electrons to the conjugated system, giving a total 
of eight п electrons. Only one of the two unshared pairs on oxygen can contribute to the п system; the 
other unshared pair is in an sp?-hybridized orbital and cannot interact with it. 


p orbital aligned for overlap 
7 with x system. of ring 
M. 
[о ио. 
— () sp?-hybridized orbital 
(b) This compound, called azonine, has ten electrons in a completely conjugated planar monocyclic л 


system and therefore satisfies Hückel's rule for (Ап + 2) л electrons where п = 2. There are eight 
п electrons from the conjugated tetraene and two electrons contributed by the nitrogen unshared pair. 


/ Two л electrons 
Two л electrons, 
27 


222 Unshared pair on nitrogen 
чн 7 is delocalized into л system 


SE of ring. 
Two л electrons” 
Two z electrons 
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(c) Borazole, sometimes called inorganic benzene, is aromatic. Six п electrons are contributed by the 


unshared pairs of the three nitrogen atoms. Each boron contributes a p orbital to maintain the conjugated 
system but no electrons. 


| { 
H ВЕН H +В tH 
я 1 = EMEN 
H^ “м: `H H wj ^H 
| * 
H H 


(d) This compound has eight л electrons and is not aromatic. It is antiaromatic. 


Two 7 electrons 
Two д electrons, gore т electrons 


; | —, : - 
Electrons in sp? orbital 70 OZ 2—— Electrons in sp? orbital 
do not interact with the Nell do not interact with the 
T system, | т system. 


Two m electrons 


11.55 1,4-Addition to the diene unit of furan gives the unstable product shown. 


C,H,Br,0 


11.56 The structure and numbering system for pyridine are given in Section 11.22 of the text, where we 


were told that pyridine is aromatic. Oxidation of 3-methylpyridine is analogous to oxidation of toluene. 
The methyl side chain is oxidized to a carboxylic acid. 


Di 
A CH, u /2 COH 
| „oxidation „ | 
NS uM 
N N 


3-Methylpyridine Niacin 


11.57 The structure and numbering system for quinoline are given in Section 11.22 of the text. Nitroxoline 
„has фе structural formula 


NO; 
5 4 

6 “з 

7 Lp 
YON 
OH 


5-Nitro-8-hydroxyquinoline 
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11.58 The ring system of acridine (C,,H,N) is analogous to that of anthracene (i.e., tricyclic and linearly fused). 


Furthermore, the two most stable resonance forms are equivalent to each other. The nitrogen atom must 
therefore be in the central ring, and the structure of acridine is 


The two resonance forms would not be equivalent if the nitrogen were present in one of the terminal rings. 
Can you see why? 


ANSWERS TO INTERPRETIVE PROBLEMS 


11.59 C; 1160 A; 11.61 A; 11.62 В; 11.63 D; 11.64 А; 11.65 B 


SELF-TEST 


1. Give an acceptable IUPAC name for each of the following: 


CH; у 
CCH; 
(a) (c) CX 
Br Cl 
OH 
СНз NO; ; 
(b) CoHsCHCHCH (d) 
Cl 
NO; 
2. Draw the structure of each of the following: 
(a) 3,5-Dichlorobenzoic acid (c) 2,4-Dimethylaniline 
(b) p-Nitroanisole (d) m-Bromobenzyl chloride 


3. Write a positive (+) or negative (—) charge at the appropriate position so that each of the following structures 
contains the proper number of л electrons to permit it to be considered an aromatic ion. For this problem, 
ignore strain effects that might destabilize the molecule. 


(a) Ce (b) 
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4. For each of the following, determine how many л electrons are counted toward satisfying Hiickel’s rule. 


10. 


Assuming the molecule can adopt a planar conformation, is it aromatic? 


" : 2% 
= (3 
о ( J фу ^N (0 22 ES 
| 
9 Н э 077 
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Azulene, shown in the following structure, is highly polar. Draw a dipolar resonance structure to explain this fact. 


G 


Azulene 


Give the reactant, reagent, or product omitted from each of the following: 


CH4CH;CH; CO;H 


? 
(a) —— о (d) RAM 
peroxides, heat 


Cl а 


i 

Ф) т -omon CeHsCH,OCH; (e) aa 
H 20 ee Br; 

(c) н” ? (f) CeHSCH—CHCH. — 077 ? 


Provide two methods for the synthesis of 1-bromo-1-phenylpropane from an aromatic hydrocarbon. 


Write the structures of the resonance forms that contribute to the stabilization of the intermediate in 
the reaction of styrene (CgsH;CH=CHz) with hydrogen bromide in the absence of peroxides. 


Write one or more resonance structures that represent the delocalization of the following carbocation. 


и» 


An unknown compound, СНз, reacts with sodium dichromate (Na;Cr5O;) in warm aqueous sulfuric 
acid to give p-tert-butylhenzoic acid. What is the structure of the unknown? 


CHAPTER 12 


Reactions of Arenes: 
Electrophilic Aromatic Substitution 


SOLUTIONS TO TEXT PROBLEMS 


12.1 According to the mechanism of electrophilic aromatic substitution, formation of the cyclohexadienyl 
cation is rate-determining and endothermic. The transition state for an endothermic elementary step in a 
mechanism more closely resembles the products of that step, in this case the carbocation intermediate, 
than it resembles the reactants. Therefore, the transition state for electrophilic aromatic substitution more 
closely resembles the carbocation intermediate. 


12.2 Electrophilic aromatic substitution leads to replacement of one of the hydrogens directly attached to the ring. 
All four of the ring hydrogens of p-xylene are equivalent; so it does not matter which one is replaced by the 
nitro group. 


CH; CH3 
NO; 
HNO; 
————— 

#2504 

CH; CH; 
p-Xylene 1,4-Dimethyl-2- 
nitrobenzene 


12.3 Following the pathway outlined in Mechanism 12.1, the aromatic ring reacts with nitronium ion to give the 
cyclohexadienyl cation intermediate. 


CH, cO сну): 
N* Nig : 
ll slow i 
О: H 
CH; СНз 
p-Xylene Cyclohexadieny! 


cation intermediate 
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Loss of a proton from the intermediate gives the product, L,4-dimethyl-2-nitrobenzene. 


ен 
СН: "| СН 
+ 
М H NO» M 
H г fast + н— о: 
H 
CH; CH; 
Cyclohexadienyl 1,4-Dimethyl-2- Hydronium 
cation intermediate nitrobenzene ion 


12.4 The aromatic ring of 1,2,4,5-tetramethylbenzene has two equivalent hydrogens. Sulfonation of the ring 
leads to replacement of one of them by —-SO3H. 


SOH 
H3C CH; Н.С CH, 
50; 
————— 
H)SO, 
HaC CH; HC CH; 
1,2,4,5- Tetramethylbenzene 2,3,5,6-Tetramethylbenzene- 


sulfonic acid 


12.5 Acetyl hypoiodite attacks benzene to give acetate and the cyclohexadienyl cation intermediate. 
О 
| 


£\ I 
CHC-0-1/ 2 H 0 a- 
+ CH;C-O: 


Acetate then accepts a proton from the carbocation intermediate to give iodobenzene and acetic acid. 


О 1 
NC M I о 
CH,C-O: + H ——* + CH,C-0-H 


12.6 The major product is isopropylbenzene. 


- CH;CH;CH; CH(CH3); 
© + CH,CH,CH,C| 4932 CY i CY 


Benzene 1-Chioropropane Propylbenzene Isopropylbenzene 
(20% yield) (40% yield) 


Aluminum chloride coordinates with 1-chloropropane to give a Lewis acid—Lewis base complex, which can 
he attacked by henzenc to yield propylbenzene or can rearrange to produce isopropyl cation. 
Isopropylbenzene arises by reaction of isopropyl cation with benzene. 


hydride 
et 
migration 


I7 ч + >- + Е 
H3C—-CH-CH»cCI-—AICH Ha4C-CH-CH; + AICI, 


Isopropyl cation 
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12.7 The species that attacks the benzene ring is cyclohexyl cation, formed by protonation of cyclohexene. 


H HC so,0H H 
Y H — 9. 
H H 


Cyclohexene Sulfuric acid Cyciohexyl cation Hydrogen sulfate ion 


The mechanism for the reaction of cyclohexyl cation with benzene is analogous to the general mechanism for 


electrophilic aromatic substitution. 
H 
С | H H 
H H 


Benzene Cyclohexyl Cyclohexadienyl cation Cyclohexylbenzene 
cation intermediate 


12.8 The reaction of benzene with 2-methylpropene (isobutylene) in the presence of acid gives tert-butylbenzene. 


сњ 
ССН; 


CH B 
© : j^ NN СУ “сн, 
СНУ “сн, 


Instead of an alkene, tert-butyl alcohol may be used. 


Ts 
ССН, 
" ju _н5о, _ ^он, 
а E 


CH, 


The electrophile that is generated either from the alkene or alcohol for both of these reactions is the same, 
tert-butyl carbocation: (CH3).C* 


12.9 The preparation of cyclohexylbenzene from cyclohexene and benzene was described in text Section 12.6. 
Cyclohexylbenzene is converted to 1-phenylcyclohexene by benzylic hromination, followed hy 


: dehydrohalogenation. 
Br 
__БЗО _ 
“benzoyl peroxide, heat ат heat 
Benzene Cyclohexene Cyclohexylbenzene cy 1-Вгото-1- 
gos phenylcyclohexane 
AS 


1-Phenylcyclohexene 
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12.10 Treatment of 1,3,5-trimethoxybenzene with an acyl chloride and aluminum chloride brings about Friedel- 
Crafts acylation at one of the three equivalent positions available on the ring. 


OCH; OCH, 
О О 
| AICI, i 
CH;0 +  (CHi;CHCH;CC| | ——  CH4O CCH4CH(CH3); 
OCH3 OCH, 
1,3,5- Trimethoxybenzene 3-Methylbutanoyl chloride Isobutyl 2.4,6-trimethoxyphenyl ketone 


12.11 Because the anhydride is cyclic, its structural units are not incorporated into a ketone and a carboxylic acid as 
two separate product molecules. Rather, they become part of a four-carbon unit attached to benzene by a 
ketone carbonyl. The acyl substituent terminates in a carboxylic acid functional group. 


O 
| и 
АС! 
P: + о = C )-Senenicon 
O 
Benzene Succinic 4-Oxo-4-phenylbutanoic acid 
anhydride 


12.12 (Б) A Friedel-Crafts alkylation of benzene using 1-chloro-2,2-dimethylpropane would not be a satisfactory 
method to prepare (2,2-dimethylpropyl)benzene because of the likelihood of a carbocation 
rearrangement. The best way to prepare this compound is by Friedel-Crafts acylation followed by 
Clemmensen reduction. 


О О 
|| AICI || 
(CH;);CCC] + 4 a нь ( Y ТЩН, cuoco y 


2,2-Dimethylpropanoy! Benzene 2,2-Dimethyl-1- (2,2-DimethylpropyDbenzene 
chloride phenyl- |-ргорапопе 


12.13 (b) Partial rate factors for nitration of toluene and tert-butylbenzene, relative to a single position of benzene, 
are as shown: 


CH3 С(СНз)з 
42 42 45 4.5 
2.5 2.5 3 3 
58 75 


The sum of these partial rate factors is 147 for toluene, 90 for tert-butylbenzene. Toluene is 147/90, or 
1.7, times more reactive than tert-butylbenzene. 


(c) The product distribution for nitration of tert-butylbenzene is determined from the partial rate factors; 


Ortho: 2013) = 10% 
90 

Мега: 28) = 6.7% 
90 


Рага: э = 83.396 
90 
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12.14 The compounds shown all undergo electrophilic aromatic substitution more slowly than benzene. 
Therefore, —CH,Cl, —СНСЬ, and ССІ; аге deactivating substituents. 


( “ска ФЕ C 2-99 


Benzyl chloride (Dichloromethyf)benzene (Trichloromethyl)benzene 


The electron-withdrawing power of these substituents, and their tendency to direct incoming electrophiles 
meta to themselves, will increase with the number of chlorines each contains. Thus, the suhstituent that gives 
4% meta nitration (96% ortho + para) contains the fewest chlorine atoms (—CH C1), and the one that gives 


64% meta nitration contains the most (— СС). 


—CHCI —CHCl, —CCly 
Deactivating, ortho, _ Deactivating, ortho, Deactivating, 
para-directing para-directing meta-directing 


12.15 (b) Attack by bromine at the position meta to the amino group gives a cyclohexadienyl cation intermediate 
in which delocalization of the nitrogen lone pair cannot participate in dispersal of the positive charge. 


‘NH, :МН, ПН» 


Che — Che Che 


(c) Attack at the position para to the amino group yields a cyclohexadienyl cation intermediate that is 
stabilized by delocalization of the electron pair of the amino group. 


на 


H Br 


Most stable 
resonance contributor 


12.16 Electrophilic aromatic substitution in biphenyl is best understood by considering one ring as the functional 
group and the other as a substituent. An aryl substituent is ortho, para-directing. Nitration of biphenyl gives a 
mixture of o-nitrobipheny! and p-nitrobiphenyl. 


. HNO;, 


Biphenyl o-Nitrohiphenyl p-Nitrobiphenyl 
(37%) (63%) 
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12.17 (b) The carbonyl group attached directly to the ring is a signal that the substituent is a meta-directing 
group. Nitration of methyl benzoate yields methyl m-nitrobenzoate. 


D 0 
HNO 
( уб оз» COCH; 


ON 


Methyl benzoate `. Methyl m-nitrobenzoate 
(isolated in 81-85% yield) 


(c) The acyl group in 1-phenyl-1-propanone is meta-directing; the carbonyl is attached directly to the 
ring. The product 15 1-(m-nitrophenyl)- 1-propanone. 


i i 
(о Coon, nitration CCH;CH; 


ON 


1-Pheny]-]-propanone ]1-Gn-Nitrophenyl)- 1-propanone 
(isolated in 60% yield) 


+ 
12.18 Writing the structures out in more detail reveals that the substituent —-N(CH3)3 lacks the unshared 


electron pair of —N(CH35. 


CH 

x „СНз 4D 
= CH 3 =NI Ng Е 

бн, СН; 


This unshared pair is responsible for the powerful activating effect of an —N(CH3) group. On the other 
+ 
hand, the nitrogen in —-~N(CH3)3 is positively charged and in that respect resembles the nitrogen of a nitro 
+ 
group. We expect the substituent —N(CH3); to be deactivating and meta-directing. 
12.19 The reaction is a Friedel-Crafts alkylation in whicb 4-chlorobenzyl chloride serves as the carbocation source 


and chlorobenzene is the aromatic substrate. Alkylation occurs at the positions ortho and para to the chlorine 
substituent of chlorobenzene. 


а 
cu а 
ICI 
=; + ась ў—а р * aK pcr Уа 


Chiorobenzene 4-Chlorobenzyl chloride 1-Chloro-2-(4’-chlorobenzyl)- 1-Chloro-4-(4" -chlorobenzyl)- 
benzene benzene 


12.20 Bromine reacts with tbe aromatic ring to form the cyclohexadienyl cation intermediate. 


NHCH; 
NHCH г: `. Е 
sie CBr: Ве. ge 
e". slow + :Br: 
=== зе Н 
Cl Ci 
4-Chloro-N- Cyclohexadienyl Bromide 


methylaniline cation intermediate ion 
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Loss of a proton gives the product, 2-bromo-4-chloro-N-methylaniline. 


NHCH; NHCH; 
Br: Br: 
H j B Jt. + H—Br: 
а! а! 
Cyclohexadienyl 2-Bromo-4-chloro- Hydrogen 
cation intermediate N-methylaniline bromide 


12.21 This is an example of the Friedel-Crafts acylation reaction. The more strongly directing hydroxyl group on 
the benzene ring determines the regioselectivity. The major product is the one with the acetyl group para to 


the hydroxyl group. 
{| P 
HO CH,CCI HO С 
— A a 
NH,—C NH;— 


12.22 (b) Halogen substituents are ortbo, para-directing, and the disposition in m-dichlorobenzene is such that 
their effects reinforce each other. The major product is 2,4-dichloro-1-nitrobenzene. Substitution at 
the position between the two chlorines is slow because it is a sterically hindered position. 


Cl cl 
T 
Cc cl 
| NO; 


Most reactive positions (arrows) 2,4-Dichloro-1-nitrobenzene 
in electrophilic aromatic (major product of nitration) 
substitution of m-dichlorobenzene 


(c) Nitro groups are meta-directing. Both nitro groups of m-dinitrobenzene direct an incoming 
electrophile to the same position in an electrophilic aromatic substitution reaction. Nitration of 
m-nitrobenzene yields 1,3,5-trinitrobenzene. 


NO; МО» 
id МО» ON NO; 
Both nitro groups of 1,3,5-Trinitrobenzene 
m-dinitrobenzene direct (principal product of nitration 


electrophile to same position (arrow). of m-dinitrobenzene) 
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(d) A methoxy group is ortho, para-directing, and a carbonyl group is meta-directing. The open positions of 
the ring that are activated by the metboxy group in p-metboxyacetophenone are also those that are meta to 
the carbonyl, so the directing effects of the two substituents reinforce each other. Nitration of 
p-methoxyacetophenone yields 4-methoxy-3-nitroacetophenone. 


NO 
4 o | 


О 
i 
cmt oct CHC OCH; 


Positions ortho to the methoxy 4-Methoxy-3-nitroacetophenone 
group (arrows) are meta to 
the carbonyl. 


(e) The methoxy group of p-methylanisole activates the positions that are ortho to it; the methyl activates 
those ortho to itself. Methoxy is a more powerful activating substituent than methyl, so nitration occurs 


ortho to the methoxy group. 


з У NO, 


5 6 
Wc- осн, Н.С OCH; 
3 2 
Methyl activates C-3 and C-5 4-Methyl-2-nitroanisole 


(light arrows); methoxy activates (principal product of nitration) 
C-2 and C-6 (heavy artows). 


(f) All the substituents in 2,6-dibromoanisole are ortho, para-directing, and their effects are felt at different 
positions. The methoxy group, however, is a far more powerful activating substituent than bromine, so it 


controls the regioselectivity of nitration. 


OCH; OCH; 
Bro A „Вг Br Br 
2 
5 3 
al n NS 
\ МО; 
Methoxy directs toward C-4 2,6-Dibromo-4-nitroanisole 
{heavy arrow); bromines direct (principal product of nitration) 


toward C-3 and C-5 (light arrows). 


12.23 The product obtained when benzene is subjected to bromination and nitration depends on the order in 
which the reactions are carried out. A nitro group is meta-directing, and so if it is introduced prior to the 


bromination step, m-bromonitrobenzene is obtained. 


NO; NO; 
HNO4 Bry 
H2504 FeB Ta 


Br 


Benzene Nitrobenzene m-Bromonitrobenzene 
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Bromine is an ortho, para-directing group. Tf it is introduced first, nitration of the resulting bromobenzene 
yields a mixture of o-bromonitrobenzene and p-bromonitrobenzene, 


Br 
B Г? HNO LO ges 
————- 
FeB їз ~ HySOy O4 


Benzene Bromobenzene o-Bromonitrobenzene _ p-Bromoritrobenzene 


12.24 A straightforward approach to the synthesis of m-nitrobenzoic acid involves preparation of benzoic acid by 
oxidation of toluene, followed by nitration. The carboxyl group of benzoic acid is meta-directing. Nitration 
of toluene prior to oxidation would lead to a mixture of ortho and para products. 


CH3 COH COH 
Ма;Ст07 HNO4 
— м 
ЊО, НЊ50,, heat 2504 
КО; 
Toluene Benzoic acid m-Nitrobenzoic acid 


12.25 The text points out that C-1 of naphthalene is more reactive than C-2 toward electrophilic aromatic 
substitution. Thus, of the two possible products of sulfonation, naphthalene-1-sulfonic acid should 
be formed faster and should be the major product under conditions of kinetic control. Because the 
probiem states that the product under conditions of thermodynamic control is the other isomer, 
naphthalene-2-sulfonic acid is the major product at elevated temperature. 


н SOH 
SOH 
M50, _ 
Naphthalene Naphthalene-I-sulfonic acid Naphthalene-2-sulfonic acid 
major product at 0°C; major product at 160?C; 
formed faster more stable 


Naphthalene-2-sulfonic acid is the more stable isomer for steric reasons. The hydrogen at C-8 
(the one shown in the equation) crowds the —SOsH group in naphthalene-1-sulfonic acid. 


12.26 Attack of the electrophile at the 2 position leads to a carbocation intermediate, which is a hybrid of three 
resonance contributors shown here, while attack at the 3 position gives an ion that has only two resonance 
contributors. More resonance contributors correlate with a lower-energy carbocation intermediate and a 
faster rate of reaction. 
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T. : = ae | 
Ra D-0D; Пе» EM bec? ae ух? M CX, 
н h | 


N N H 
| H 
А H t H-OD, 
Л H H D 
3 + D D : 3 
бб» _. {у — G m CS ouis 
x N А | 
H H H H 


12.27 The text states that electrophilic aromatic substitution in furan, thiophene, and pyrrole occurs 
at С-2. Sulfonation of thiophene gives thiophene-2-sulfonic acid. 


LÀ H3SO, qu 


Thiophene Thiophene-2- 
sulfonic acid 


12.28 (b) The negatively charged sulfur in CcHsCH;S : Nat is a good nucleophile, which displaces chloride 


from 1-chloro-2,4-dinitrobenzene. 


CI SCH;C6Hs 
NO; . NO» 
СНС Nat kp 
МО» NO; 
]-Chloro-2,4- Benzyl 2,4- 
dinitrobenzene dinitrophenyl sulfide 


(c) The nitrogen in methylamine has an unshared electron pair and is nucleophilic; it displaces chloride from 
1-chloro-2,4-dinitrobenzene. 


CI NHCH; 
NO; Е NO; 
CH4NH; 
NO; NO; 
1-Chioro-2,4- N-Methyl-2,4- 


dinitrobenzene dinitroaniline 


12.29 The most stable resonance structure for the cyclohexadienyl anion formed by reaction of methoxide ion with 
o-fiuoronitrohenzene involves the nitro group and has the negative charge on oxygen. 


сно Е ЮГ 
a 


"Ot 
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12.30 The positions that are activated toward nucleophilic attack are those that are ortho and para to the nitro group. 
Among the carbons that bear a bromine leaving group in 1,2,3-tribromo-5-nitrobenzene, only C-2 satisfies this 


requirement. 
Br OCH;CH; 
Br Br Br Br 
NaOCH;CHs 
NO; NO; 
1,2,3- Tribromo- 1,3-Dibromo-2-ethoxy- 
5-nitrobenzene 5-nitrobenzene 


12.31 Nucleophilic addition occurs in the rate-determining step at one of the six equivalent carbons of 
hexafluorobenzene to give the cyclohexadienyl anion intermediate. 


Е Е Е F 

| V " A UE 

Za —— Cx 
F F F F 


Hexaftuorobenzene Methoxide Cyclohexadienyl anion = 
ion intermediate 


Elimination of fluoride ion from the cyclohexadienyl anion intermediate restores the aromaticity of the ring 
and completes the reaction. 


FF FF 
CN CF "T 
Е a Б OCH; + | 
OCH; 
FF Е Е 


Cyclohexadienyl anion 2,3,4,5,6-Pentafluoroanisole Fluoride 
intermediate ion 


12.32 4-Chloropyridine is more reactive toward nucleophiles than 3-chloropyridine because the anionic 
intermediate formed by reaction of 4-chloropyridine has its charge on nitrogen. Because nitrogen is more 
electronegative than carbon, the intermediate is more stable. 


| ~ + YT -——— 
м 


4-Chloropyridine Anionic 
intermediate 
(more stable) 
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Q Cl .- Cl 
D Y 
Lo кы Б (T 


3-Chloropyridine Anionic 
intermediate 
(less stable) 
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12.33 The negative charge of the intermediate is delocalized among the two nitrogen atoms in the ring, the carbon 


bearing the cyano group, and the nitrogen of the cyano group. 


+ See E . 
:Cl; NH : :Clt NH ‘Ci: 
_ p у "al 
^ M 
сњсв У CH4CEoS ~ -N) cid IN ‘ 


12.34 (a) Nitration of henzene is the archetypical electrophilic aromatic suhstitution reaction. 


NO 
HNO; _ 
^ HO. 


Benzene Nitrobenzene 


(b) Nitrobenzene is much less reactive than benzene toward electrophilic aromatic substitution. The nitro 


group on the ring is a meta director. 


NO, 
__HNO; _ 
7 950; 


NO; 


Nitrobenzenc m-Dinitrobenzene 


(c) Toluene is more reactive than benzene in electrophilic aromatic substitution. A methyl substituent is an 


ortho, para director. 


CH; CH; CH; 
Br 
Вг + 
ЕеВгз 
Вг 


Toluene o-Bromotolucne p-Bromotoluene 
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(d) Trifluoromethy! is deactivating and meta-directing. 


CF; CF; 
Br; 
ee 
FeBra 
Br 
(Trifluoromethyl)- m-Bromo(trifluoromethyb- 
benzene benzene 


(e) Anisole is ortho, para-directing, strongly activated toward electrophilic aromatic substitution, and 
readily sulfonated in sulfuric acid. 


OCH; OCH; OCH; 
$03H 
H2SO4 " 
ЗОН 
Anisole o-Methoxybenzene- p-Methoxybenzene- 
sulfonic acid sulfonic acid 


Sulfur trioxide could be added to the sulfuric acid to facilitate reaction. The para isomer is the 
predominant product. 


(f) Acetanilide is similar to anisole in its behavior toward electrophilic aromatic substitution. 


i T D 
HNCCH; HNCCH; HNCCH; 
SO3H 
Њ50, Н 
SO3H 
Acetanilide o-Acetamidobenzene- p-Acetamidobenzene- 
sulfonic acid sulfonic acid 


(g) Bromobenzene is less reactive than benzene. A bromine substituent is ortho, para-directing. 


Br Br Br 
CI 
Cl; 
FeCl, t 
Cl 


Bromobenzene o-Bromochloro- p-Bromochloro- 
benzene benzene 
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(ћу Anisole is a reactive substrate toward Friedel-Crafts alkylation and yields a mixture of o- and 
p-benzylated products when treated with benzyl chloride and aluminum chloride. 


OCH; CH;CI OCH; OCH; 
CH;C4Hs 
AICI ACh _„ 
CHCH; 
Anisote Benzyl chloride o-Benzylanisole p-Benzylanisolc 


(i) Benzene will undergo acylation with benzoyl chloride and aluminum chloride. 


" 
Benzene Benzoyl Benzophcnone 
chloride 


(j) A benzoyl substituent is meta-directing and deactivating. 


О О 
| HNO; il 
S H2504 ~ 


NO; 


Benzophenone m-Nitrobenzophenone 


(k) Clemmensen reduction conditions involve treating a ketone with zinc amalgam and concentrated 


hydrochloric acid. 
D 
Zn(Hg) 
C UU. CH; 
на 
Benzophenone Dipheny!methane 


( Wolff-Kishner reduction utilizes hydrazine, a base, and a high-boiling alcohol solvent to reduce 
ketone functions to methylene groups. 


Оо 


dicli ene fendi 


Benzophenone Diphenylmethane 
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12.35 (a) There are three principal resonance forms of the cyclobexadienyl cation intermediate formed 
by attack of bromine on p-xylene. 


CH; CH; CH; 
H H H 


Br 


Br 


CH; CH, CH; 


Tertiary carbocation 


Any one of these resonance forms is a satisfactory answer to the question. Because of its tertiary 


carbocation character, this carbocation is more stable than the corresponding intermediate formed from 
benzene. 


(b) Chlorination of m-xylene will give predominantly 4-chloro-1,3-dimethylbenzene. 


CH3 CH; CH; 
OO...“ 
CH; CH; CH; 
Cl 


H Cl 
m-Xylene 4-Chloro-1,3- More stable 
dimethylbenzene cyclohexadienyl cation 


The intermediate shown (or any of its resonance forms) is more stable for steric reasons than 


СН» 


Less stable 
cyclohexadienyl cation 


The cyclohexadienyl cation intermediate leading to 4-chloro-1,3-dimethylbenzene is more stable and is 


formed faster than the intermediate leading to chlorobenzene because of its tertiary carbocation 
character. 


CH; 


more stable than 
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(c) The most stable carbocation intermediate formed during nitration of acetophenone is the one 
corresponding to meta attack. 


О 
|| | 
CCH, CCH; ССН; 


more stable than ON or 


NO; 


An acyl group is electron-withdrawing and destabilizes a carbocation to which it is attached. The most 
stable carbocation intermediate in the nitration of acetophenone is less stable, and is formed more 
slowly, than is the corresponding carbocation formed during nitration of benzene. 


ү 
CCH; H 


H less stable than H 


МО; NO; 


(d) The methoxy group in anisole is strongly activating and ortho, para-directing. For steric reasons and 
because of inductive electron withdrawal by oxygen, the intermediate leading to para substitution is 
the most stable. 


OCH; ОСН; OCH; 
H 
slightly more stable than as more stable than 
О H 
CC 
H CCH; | Н; 
О 


Of the various resonance forms for the most stable intermediate, the most stable one has eight electrons 
around each oxygen and carbon. 


*OCH; 


H те 


Most stable 
resonance form 


This intermediate is much more stable than the corresponding intermediate from acylation of benzene. 
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(e) Anisopropyl group is an activating substituent and is ortho, para-directing. Attack at the ortho 
position is sterically hindered. The most stable intermediate is 


CH(CH3)2 


H NO, 


or any of its resonance forms. Because of its tertiary carbocation character, this cation is more 
stable than the corresponding cyclohexadienyl cation intermediate from benzene. 


(f) A nitro substituent is deactivating and meta-directing. The most stable cyclohexadienyl cation 
formed in the bromination of nitrobenzene is 


Ox. 


Seo 


H 
Br 


This ion is less stable than the cyclohexadienyl cation formed during bromination of benzene. 


(g) Sulfonation of furan takes place at C-2. The cationic intermediate is more stable than the cyclohexadienyl 
cation formed from benzene because it is stabilized by electron release from oxygen. 


К = Oy Се 
ue SO.H 
3 


SOH | O 
х. + 
Furan Furan-2- 


sulfonic acid 


SO4H 


(h) Pyridine reacts with electropbiles at C-3. It is less reactive than benzene, and the carbocation 
intermediate is less stable than the corresponding intermediate formed from benzene. 


Br 


12.36 (a) Toluene is more reactive than chlorobenzene in electrophilic aromatic substitution reactions because a 
methyl substituent is activating but a halogen substituent is deactivating. Both are ortho, para-directing, 
however. Nitration of toluene is faster than nitration of chlorobenzene. 


CH; 
.HNO — 
Faster: Ô 950; oy". © 


Toluene o-Nitrotoluene p-Nitrotoluene 
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Cl Cl СІ 
NO; 
HNO, 
Slower: H50; 7 + 
NO, 
Chlorobenzene o-Chloronitrobenzene p-Chloronitrobenzene 


(b) A fluorine substituent is not nearly as strongly deactivating as a trifluoromethyl group. The reaction 
that takes place is Friedel-Crafts alkylation of fluorobenzene. 


F F E 
CHCH; 
CegHsCH2Cl 
AlCl, > 
CHCH; 
o-Benzylfluorobenzene p-Benzylfluorobenzene 
(15%) (85%) 


Strongly deactivated aromatic compounds do not undergo Friedel-Crafts reactions. 
СЕ» 


А1С1 А 
+  OgHSCH;CI ———* = по геасйоп 


(c) А carbonyl group directly bonded to a benzene ring strongly deactivates it toward electrophilic 
aromatic substitution. Methyl benzoate is much less reactive than benzene. 


| ? 
COCH; СОСН» 


An oxygen attached directly to the ring strongly activates it toward clectrophilic aromatic substitution. 
Phenyl acetate is much more reactive than benzene or methyl benzoate. 


0 
бсн, обсн, OCCH; 
Nx acetic uu e. o 
Phenyl acetate o-Bromophenyl p-Bromophenyl 
acetate acetate 


Bromination of methyl benzoate requires more vigorous conditions; catalysis by 1гоп(Ш) bromide 
is required for bromination of deactivated aromatic rings. 
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(d) Acetanilide is strongly activated toward electrophilic aromatic substitution and reacts faster than 
nitrobenzene, which is strongly deactivated. 


m О +20 
HNCCH; N 
Acetanilide Nitrobenzene 
(Lone pair on nitrogen can (Nitrogen is positively charged 
stabilize cyclohexadienyl and is electron-withdrawing.) 
cation intermediate.) 
0 li П 
HNCCH; HNCCH; HNCCH; 
$03H 
$03 A 
H504 
SO4H 
Acetanilide o-Acetamidobenzene- p-Acetamidobenzene- 
sulfonic acid sulfonic acid 
(e) Both substrates are of the type 
R 
R=alkyl 
R 


and are activated toward Friedel-Crafts acylation. Because electronic effects are comparable, 
we look to differences in steric factors and conclude that reaction will be faster for R = CH; than for 


R= (CH3)3C— S 
CH3 CH3 " 
0 C cu 
AICI 
+ CHCC з 3 
CH3 CH3 
p-Xylene Acetyl chloride 2,5-Dimethylacetophenone 


(f) A phenyl substituent is activating and ortho, para-directing. Biphenyl will undergo chlorination readily. 


Cl; 
eC ^ CsHs + CI C6H5 


СІ 
Biphenyl o-Chlorobiphenyi p-Chlorobiphenyl 
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Each benzene ring of benzophenone is deactivated by the carbonyl group. 


О о" 
H | 
C а —ÉáÓ C 
+ 
Benzophenone 


Benzophenone is much less reactive than biphenyl in electrophilic aromatic substitution reactions. 


12.37 Reactivity toward electrophilic aromatic substitution increases with increasing number of electron-releasing 
substituents. Benzene, with no methyl substituents, is the least reactive, followed by toluene, with one methyl 
group. 1,3,5-Trimethylbenzene, with three methyl substituents, is the most reactive. 


CH; CH3 
| $ Н.С” | “CH; 


Benzene Toluene 1,3,5-Trimethylbenzene 
Relative reactivity: || 60 2х 107 


o-Xylene and m-xylene are intermediate in reactivity between toluene and 1,3,5-trimethylbenzene. Of the 
two, m-xylene is more reactive than o-xylene because the activating effects of the two methyl groups 
reinforce each other. 


CH; pn CH 
B eu b d 
o-Xylene m-Xylene 
(AH positions are (Activating effects 
somewhat activated.) reinforce each other.) 
Relative reactivity: 5x10 5 x 104 


12.38 (a) Chlorine is ortho, para-directing, carboxyl is meta-directing. The positions that are ortho to 
the chlorine are meta to the carboxyl, so that both substituents direct an incoming electrophile 
to the same position. Introduction of the second nitro group at the remaining position that 
is ortho to the chlorine puts it meta to the carboxyl and meta to the first nitro group. 


СІ Cl 
NO; | 
HNO; HNO; 
H2504, heat H2504, heat 
COH COH COH 
p-Chlorobenzoic 4-Chloro-3,5- 


acid dinitrobenzoic acid (90%) 
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(b) An amino group is one of the strongest activating substituents. The para and both ortho positions 
are readily substituted in aniline. When aniline is treated with excess bromine, 2,4,6-tribromoaniline 
is formed in quantitative yield. 


NH; NH; 
Br Br 
+ 3Br 
Br 
Aniline 2,4,6- Tribromoaniline 
(10096) 


(c) The positions ortho and para to the amino group in o-aminoacetophenone are the ones most activated 
toward electrophilic aromatic substitution. 


Br 
О О 
В) || 
СЊС СНС 
FON HN Br 
o-Aminoacetophenone 2-Amino-3,5- 


dibromoacetophenone (65%) 


(d) The carboxyl group in benzoic acid is meta-directing, and so nitration gives m-nitrobenzoic acid. 
The second nitration step introduces a nitro group meta to both the carboxy! group and the first 


nitro group. 
CO;H COH COH 
С) ..HNO; , 4 HNO; ›_ 
CHO, ^ 9504 – 
ON NO; 
Benzoic acid m-Nitrobenzoic acid 3,5-Dinitrobenzoic 


acid (54—5896) 


(e) Both bromine substituents are introduced ortho to the strongly activating hydroxyl group in 
p-nitrophenol. 


OH OH 
Br; Br Br 
dcm D = ~ 
NO; NO; 
p-Nitrophenol 2,6-Dibromo-4- 


nitrophenol (96-98%) 
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(f) Friedel-Crafts alkylation occurs when biphenyl is treated with tert-butyl chloride and iron(HI) chloride 
(a Lewis acid catalyst); the product of monosubstitution is p-fert-butylbiphenyl. АП the positions of the 
ring that bears the tert-butyl group are sterically hindered, so the second alkylation step introduces a fert- 
butyl group at the para position of the second ring. 


C(CH3), C(CH3)3 
C) (CH3CCI $ «СНС 4 
—_ ея 
FeCl, FeCl, 
C(CH3)3 
Biphenyl 4,4’ -Di-tert- 
butylbiphenyl (70%) 


(g) Disulfonation of phenol occurs at positions ortho and para to the hydroxyl group. The ortho, para 
product predominates over the ortho, ortho one. 


OH OH 
HjS04 SOH 
SO4H 
Phenol 2-Hydroxy-1,5- 


benzenedisulfonic acid 


12.39 When carrying out each of the following syntheses, evaluate how the structure of the product differs from 
that of benzene or toluene; that is, determine which groups have been substituted on the benzene ring or 
altered in some way. The sequence of reaction steps when multiple substitution is desired is important; recall 
that some groups direct ortho, para and others meta. 


(а) Isopropylbenzene may be prepared by a Friedel-Crafts alkylation of benzene with isopropyl chloride 
(or bromide, or iodide). 


АС 
C + (снусна ———— (енен, 


Benzene isopropyl chloride Isopropylbenzene 


It would not be appropriate to use propyl chloride and trust that a rearrangement would lead to 
_isopropylbenzene, because а mixture of propylbenzene and isopropylbenzene would be obtained. 
Isopropylbenzene may also be prepared by alkylation of benzene with propene in the presence 
of sulfuric acid. 


HSO. 
<) + CH;CH=CH) — 7 


Benzene Propene Isopropylbenzene 
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(b) Because the isopropyl and sulfonic acid groups are para to each other, the first group introduced on the 
ring must be the ortho, para director, that is, the isopropyl group. We may therefore use the product of 
part (a), isopropylbenzene, in this synthesis. An isopropyl group is a fairly bulky ortho, para director, 
and so sulfonation of isopropylbenzene gives mainly p-isopropylbenzenesulfonic acid. 


SO 
cuci ) “Eso,” суси во 


Isopropyibenzene p-Isopropylbenzenesulfonic acid 


A sulfonic acid group is meta-directing, so that the order of steps must be alkylation followed by 
sulfonation rather than the reverse. 


(c) Free-radical halogenation of isopropylbenzene, from part (a), occurs with high regioselectivity at the 
beuzylic position. N-Bromosuccinimide (NBS) is a good reagent to use for benzylic bromination. 


NBS Б 


CH; 
Isopropylbenzene 2-Bromo-2-phenylpropane 
(d) Tolueue is an obvious starting material for the preparation of 4-tert-butyl-2-nitrotoluene. Two 


possibilities, both involving nitration and alkylation of toluene, present themselves; the problem to be 
addressed is in what order to carry out the two steps. Friedel-Crafts alkylation must precede nitration. 


CH; 
(CH3)3CCL HNO; _ 
“AIC > CHO. 


C(CH3)3 C(CH3)3 


Toluene p-tert-Butyltoluene 4-tert-Butyl- 
2-nitrotoluene 


Introduction of the nitro group as the first step is unsatisfactory because Friedel-Crafts reactions 
cannot be carried out on nitro-substituted aromatic compounds. 


(e) Two electrophilic aromatic substitutiou reactions need to be performed: chlorination and 
Friedel-Crafts acylation. The order in which the reactions are carried out is important; chlorine is an 
ortho, para director, and the acetyl group is a meta director. Because the groups are meta in the desired 
compound, introduce the acetyl group first. 


| i {| 
CH3CCI Cl 
(2 AIC * а“ ась” SN 


CI 


Benzene Acetophenone m-Chloroacetophenone 
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(Г) Reverse the order of steps in part (e) to prepare p-chloroacetophenone. 


T О 
Cl a CH3CCI | e 
FeCly AICI; s Нз 


Benzene Chiorobenzene p-Chioroacetophenone 


Friedel-Crafts reactions can be carried out on halobenzenes but not on arenes that are more 
strongly deactivated, 


(g) Here again the problem involves two successive electrophilic aromatic substitution reactions, in this case 
using toluene as the initial substrate. The proper sequence is Friedel-Crafts acylation first, followed by 
bromination of the ring. 


CH; CH, CH; 

О 

|| Br 

CH3CCI Во 
АСЬ АТВта 
ССН „ССН 
o° 3 о? 3 

Toluene p-Methylacetophenone 3-Bromo-4- 


methylacetophenone 


If the sequence of steps had been reversed, with halogenation preceding acylation, the first intermediate 
would be o-bromotoluene, Friedel-Crafts acylation of which would give a complex mixture of products 
because both groups are ortho, para-directing. On the other hand, the orienting effects of the two groups 
in p-methylacetophenone reinforce each other, so that its bromination is highly regioselective and in the 
desired direction. 


(А) Recalling that alkyl groups attached to the benzene ring by CH, may be prepared by reduction of the 


appropriate ketone, we may reduce 3-bromo-4-methylacetophenone, as prepared in part (2), by the 
Clemmensen or Wolff-Kishner procedure to give 2-bromo-4-ethyltoluene. 


СНз СН; 
Вг Вг 
Zn(Hg), НСІ 
ог Н2>ММНо, KOH 
diethylene glycol, 
heat 
o7 CE3 CHCH; 
3-Bromo-4- 2-Bromo-4- 
methylacetophenone ethyltoluene 


(i) This is relatively straightforward. Bromine is an ortho, para-directing substituent; nitro is meta-directing. 
Nitrate first, and then brominate to give 1-bromo-3-nitrobenzene. 


NO; NO; 
HNO4 Brz 
80, АВиз 

Вг 


Benzene Nitrobenzene 1-Bromo-3-nitrobenzene 
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(7) Take advantage of the ortho, para-directing properties of bromine to prepare 1-bromo-2,4- 
dinitrobenzene. Brominate first, and then nitrate under conditions that lead to disubstitution. 
The nitro groups are introduced at positions ortho and para to the bromine and meta to each other. 


Br Br 
NO, 
Bro, FeBra HNO, 
——— ———> 
H2504, heat 
МО» 
Benzene Bromobenzene 1-Bromo-2,4- 
dinitrobenzene 


(k) Although bromo and nitro substituents are readily introduced by electrophilic aromatic substitution, 
the only method we have available so far to prepare carboxylic acids is by oxidation of alkyl side chains. 
Thus, use toluene as a starting material, planning to convert the methyl group to a carboxyl group by 
oxidation. Nitrate next; nitro and carboxyl are both meta-directing groups, so that the brominalion in the 
last step occurs with the proper regioselectivity. 


CH; СОН CO;H CO;H 
Na;Cr0; HNO; Br; 
H20, H550,, heat H5804 FeBr; 
N O5 Br NO, 
Toluene Benzoic acid 3-Nitrobenzoic acid 3-Bromo-5- 


nitrobenzoic acid 


If bromination is performed prior to nitration, the bromine suhstituent will direct an incoming 
electrophile to positions ortho and para to itself, giving the wrong orientation of substituents in 
the product. 


(1) Again toluene is a suitable starting material, with its methy! group serving as the source of the carboxy] 
substituent. The orientation of the а in the final product requires that the methyl group be 
retained until the final step. 


CH3 CH; ee 
. HNO _ Br. 2 Nacn, |. 
——— 
^ HS50, > FeBr; 20, H2504, heat H2804, heat 
NO; NO; 
Toluene p-Nitrotoluene 2-Bromo-4- 2-Bromo-4- 
nitrotoluene nitrobenzoic acid 


Nitration must precede bromination, as in the previous part, in order to prevent formation of an 
undesired mixture of isomers. 


(m) Friedel-Crafts alkylation of benzene with benzyl chloride (or benzyl bromide) is a satisfactory route to 
diphenyimethane. 


Benzene Benzyl chloride Diphenyimethane 
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Benzyl chloride is prepared by free-radical chlorination of toluene. 


Ch 
( 2-9 light or heat "A 


Toluene Benzyl chloride 


Alternatively, benzene could have been subjected to Friedel-Crafts acylation with benzoyl chloride to 
give benzophenone (see Problem 12.34 i). Clemmensen or Wolff-Kishner reduction of benzophenone 
would then furnish diphenylmethane (see Problems 12.34 k and 1). 


(n) 1-Phenyloctane cannot be prepared efficiently by direct alkylation of benzene, because of the probability 
that rearrangement will occur. Indeed, a mixture of 1-phenyloctane and 2-phenyloctane is formed under 
the usual Friedel-Crafts conditions, along with 3-phenyloctane. 


CH; CH;CH; 
себе + CH3(CH),CH)Br —^ > C H.CH;(CH;)gCHs  CeH&CH(CH;)sCHs + CeHSCH(CH;)4CH; 


Benzene 1-Bromooctane 1-Рћепућостапе (40%) 2-Phenyloctane (30%) 3-Phenyloctane (30%) 


A method that permits the synthesis of 1-phenyloctane free of isomeric compounds is acylation followed 
by reduction. 


О О 

li AICI | Zu(H 
CH + СНЗ(СН)6ССІ > CgHsC(CH>)sCH3 ae + CgHsCH2(CH2),CH; 
Benzene Octanoyl chioride +-Рћепу1-1-осќапопе 1-Phenyloctane 


Alternatively, Wolff-Kishner conditions (hydrazine, potassium hydroxide, diethylene glycol, heat) could 
be used in the reduction step. 


(o) Direct alkenylation of benzene under Friedel-Crafts reaction conditions does not take place, and so 
1-phenyl-1-octene cannot be prepared by the reaction 
AICI; 
СН + CICH=CH(CH2)5CH3 РЕ C6HsCH—CH(CH?2)sCH3 
Benzene 1-Chloro-1-octene 1-Phenyl-1-octene 


Not! Reaction effective only with 
alkyl halides, not [-haloalkenes. 


Having already prepared 1-phenyloctane in part (п), however, we can functionalize the benzylic 
position by bromination and then carry out a dehydrohalogenation to obtain the target compound. 


Br», light KOCH: 
C.H5CH2(CH2),CH, “or NBS, peroxides | CsHsCH(CHa)6CHs SOROR СеН5СН=СН(СН›)СН; 
Вг 
1-Рпепуіосќале 1-Bromo-|-phenyloctane = 1-Phenyl-I-octene 


(p) 1-Phenyl-1-octyne cannot be prepared in one step from benzene; 1-haloalkynes are unsuitable reactants 
for a Friedel-Crafts process. In Chapter 9, however, we learned that alkynes may be prepared from the 
corresponding alkene: 

RC=CR obtained from apu obtained from RCH- CHR 
Br Br 
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Using the alkene prepared in part (o), 


B NaNH 
CgHsCH=CH(CH));CH3 H CeHsCHCH(CH2)sCH3 — и 2 СеН:С=С(СН,):СН; 
Br Br 
1-Phenyl-1-octene 1,2-Dibromo-1-phenyloctane 1-Phenyl-1-octyne 


(4) Nonconjugated cyclohexadienes are prepared by Birch reduction of arenes. Thus the last step in the 
synthesis of 1,4-di-tert-butyl-1,4-cyclohexadiene is the Birch reduction of 1,4-di-tert-butylbenzene. 


C(CH3) C(CH3)5 C(CH3)3 
СНз): ССІ {CHCC Na, NH3 
AC AChR ethanol 
С(СНз)з С(СНз)з 
Benzene tert-Butylbenzene p-Di-tert- 1,4-Di-zert-butyl-1,4- 
butylbenzene cyclohexadiene 


12.40 (a) Methoxy is an ortho, para-directing substituent. АН that is required to prepare p-methoxy- 
benzenesulfonic acid is to sulfonate anisole. 


OCH; OCH; 
H2804 
——————њ- 
SO3H 
Anisole p-Methoxybenzene- 


sulfonic acid 


(Р) In reactions involving disubstitution of anisole, the better strategy is to introduce the para substituent 
first. The methoxy group is ortho, para-directing, but para substitution predominates. 


ОСН; ОСН; OCH; 
Br 
HNO, Br; 
H2804 ЕеВгз 
NO; МО; 
Anisole p-Nitroanisole 2-Bromo-4- 
nitroanisole 


(c) Reversing the order of the steps used in part (b) yields 4-bromo-2-nitroanisole. 


OCH; OCH; OCH; 
NO; 
Brz HNO; 
FeB I5 HS O4 
Br Br 
Anisole p-Bromoanisole 4-Bromo-2- 


nitroanisole 
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(d) Direct introduction of a vinyl group onto an aromatic ring is not feasible. p-Methoxystyrene must be 
prepared indirectly by adding an ethyl side chain and then taking advantage of the reactivity of the 
benzylic position by bromination (e.g., with N-bromosuccinimide) and dehydrohalogenation. 


OCH; OCH; 
CH3CH2Ct NBS | _Маоснз _ 
AC “peroxides, 
heat 
CH;CH; BrCHCH; CH=CH) 
Anisole p-Ethylanisole p-(t-BromoethyHanisole p-Methoxystyrene 


12.41 (a) Methyl is an ortho, para-directing substituent, and toluene yields mainly o-nitrotoluene and 
p-nitrotoluene on mononitration, Some m-nitrotoluene is also formed. 


CH, CH; CH; 
HNO; _ NO3 
рс 7 + + 
NO; 
NO; 


Toluene o-Nitrotoluene m-Nitrotoluene p-Nitrotoluene 


(b) There are six isomeric dinitrotoluenes: 


CH; CH3 CH3 
CX МО; NO; NO; 
NO; ON 
NO 
2,3-Dinitrotaluene 2,4-Dinitrotoluene 2,5-Dinitrotoluene 
CH; CH; CH; 
p | 
Ом МО; МО; 
МО; 
2,6-Dinitrotoluene 3,5-Dinitrotoluene 3,4-Dinitrotoluene 


The least likely product is 3,5-dinitrotoluene because neither of its nitro groups is ortho or para to the 
methyl group. 
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(c) There are six trinitrotoluene isomers: 


CH; CH; CH; 


ON NO; NO, NO, 
NO, ON NO, 
NO, КО; 
| 2,4,6-Trinitrotoluene 2,3,4-Trinitrotoluene 2,3,5-Trinitrotoluene 
CH; CH; CH; 
ON NO; NO; 
NO, ON NO, ON 
NO, NO; 
2,3,6-Trinitrotoluene 3,4,5- Trinitrotoluene 2,4,5-Trinitrotoluene 


The most likely major product is 2,4,6-trinitrotoluene because all the positions activated by the methyl 
group are substituted. This is, in fact, the compound commonly known as TNT. 


12.42 The cyclohexadienyl cation that would result from attack on the oxygen has three formal charges and is 
therefore less stable than the cyclohexadienyl cation, with one charge, that results from attack on the carbon. 


H 
P dais Г\ ues 
:0EC—CH;CH, O=C_ 
s CHCH; 


12.43 From o-xylene: 


CH3 CH3 
CH3 О CH 
[ AICI 3 
+ CH,CCI 2 
сен 
o-Xylene Acetyl 3,4-Dimethyl- 
chloride acetophenone (9496) 
From m-xylene: 
СН» СН» 
|| 
+ cH,cc) — 25 
CH; CH3 
Cem 
m-Xylene Acetyl 2,4-Diniethyl- 


chloride acetophenone (86%) 
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From p-xylene: 


CH; CH; | 
|| АС oo 
+ сњса ——— 
CH; СН» 
р-Ху!епе Acetyl 2,5-Dimethyl- 
chloride acetophenone (99%) 


12.44 The ring that bears the nitrogen in benzanilide is activated toward electrophilic aromatic substitution. The 
ring that bears the C=O is strongly deactivated. 


Cl 
[0] О О 
T Cl; «. ll TEM 
NHC LI NHC + Cl NHC 
Benzanilide N-(o-Chlorophenyl)benzamide N-(p-Chlorophenyl)benzamide 


12.45 (a) Nitration of the ring takes place para to the ortho, para-directing chlorine substituent; this position is also 
meta to the meta-directing carboxy} groups. 


ae Ко 
PNO; _ 
950; > 
CO;H COH 
2-Chloro-1,3- 2-Chloro-5-nitro-1,3- 
benzenedicarboxylic acid benzenedicarboxylic acid (8696) 


(b) Bromination of the ring occurs at the only available position activated by the amino group, a powerful 
activating substituent and an ortho, para director. This position is meta to the meta-directing 
trifluoromethyl group and to the meta-directing nitro group. 


CF; CF; 
NH) NH) 
Br; 
acetic acid 
N ON Br 


4-Nitro-2-(trifluoromethyD)- 2-Bromo-4-nitro-6- 
aniline (trifluoromethyl ап те 
(81%) 


(c) This may be approached as a problem in which there are two aromatic rings. One of them bears two 
activating substituents and so is more reactive than the other, which bears only one activating 
substituent. Of the two activating substituents (— OH and CoH; }, the hydroxyl substituent is the 
more powerful and controls the regioselectivity of substitution. 


__Ве › 


p-Phenylphenol 2-Bromo-4-phenylphenol 
P 
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(d) Both substituents are activating and nitration occurs readily even in the absence of sulfuric acid; both are 
ortho, para-directing and comparable in activating power. The position at which suhstitution takes place 
is therefore 


C(CH3)3 
Not here; ——= -—— Not here; 
too hindered too hindered 
CH(CH3); 
Ortho to isopropyl, 
para to fert-butyl 
C(CH3)3 C(CH3)3 
HNO; 
acetic acid 
CH(CH3)2 CH(CH3)2 
NO, 
1-tert-Butyl-3- 4-tert-Butyl-2-isopropyl- 
isopropytbenzene 1-nitrobenzene (78%) 


(e) Protonation of t-octene yields a secondary carbocation, which attacks benzene. 


Benzene 1-Octene 2-Phenyloctane (84%) 


СНЗСНСН›);СНз 


(f) The reaction that occurs with arenes and acid anhydrides in the presence of aluminum chloride is 
Friedel-Crafts acylation. The methoxy group is the more powerful activating substituent, so acylation 
occurs para to it. 


O 
ии АСВ || 
OCH; + СЊСОССНЊ = СН:С OCH; + CH34CO;H 
E 
o-Fluoroanisole Acetic anhydride 3-Fluoro-4-methox yacetophenone Acetic 
(70-80%) acid 


(g) The isopropyl group is ortho, para-directing, and the nitro group is meta-directing. In this case their 
orientation effects reinforce each other. Electrophilic aromatic substitution takes place ortho to isopropyl 
and meta to nitro. 


CH(CH3) CH(CH3) 
NO, 


HNO; 
H5804 


NO; КО; 


p-Nitroisopropylbenzene 2,4-Dinitroisopropylbenzene (96%) 
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ћу In the presence of an acid catalyst (H,SO,), 2-methylpropene is converted to tert-butyl cation, which 
P 2994 yiprop 
then attacks the aromatic ring ortho to the strongly activating methoxy group. 


(CHj;C-CH, + H' (СНС 
OCH; OCH, 
" С(СНз)з 
+ (СНС 
CH; CH; 


In this particular example, 2-tert-butyl-4-methylanisole was isolated in 9896 yield. 


(i) There are two things to consider in this problem: (1) In which ring does bromination occur, and 
(2) what is the orientation of substitution in that ring? Substitution will take place in the ring that bears 
the most powerful activating substituent, the hydroxyl group. Both positions ortho to the hydroxyl 
group are already substituted, so bromination takes place para to it. The product shown was isolated 
from the bromination reaction in 10096 yield. 


H3C OH 
Bn 
CH; CH; — COHOh^ 


3-Benzyl-2,6-dimethylphenol 3-Benzyl-4-bromo-2,6- 
dimethylphenol (100%) 


— 


(j) Wolff—Kishner reduction converts henzophenone to diphenylmethane. 


О 
Ш HaNNH;, КОН 
C 

— triethylene — 


glycol, heat 


Benzophenone Diphenylmethane (83%) 
(k) Fluorine is an ortho, para-directing substituent. It undergoes Friedel-Crafts alkylation on being 


treated with benzyl chloride and aluminum chloride to give a mixture of o-fluorodiphenylmethane 
and p-fluorodiphenylmethane. 


+ CgHSCH;CI 


СоН5СН» 


Fluorobenzene Benzyl chloride o-Fluorodiphenylmethane — p-Fluorodiphenylmethane 
(15%) (85%) 
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LT 
(1) The —NHCCH; substituent is a more powerful activator than the ethyl group. It directs Friedel-Crafts 
acylation primarily to the position para to itself. 


|| || 
CH3CNH CH4CNH 


CHCH; Oo CHCH; 
|| AICI; 
+ CHOC] ——— + HCl 
os 
o-Ethylacetanilide 4-Acetamido-3- 


ethylacetophenone (57%) 


(m) Clemmensen reduction converts the carbonyl group to a CH, unit. 


CH, О CH; 
CCH CHCH 
нә с 
на! 
HC CH; H4C CH; 
2,4,6-Trimethylacetophenone 2-Ethyl-1,3,5-trimethylbenzene 
(7496) 


(n) Bromination occurs at C-5 on thiophene-3-carboxylic acid. Reaction does not occur at C-2 because 
substitution at this position would place a carbocation adjacent to the electron-withdrawing carboxy! 


group. 
COH COH 
[à mar. EN 
5 2 acetic acid B 
S ED 
Thiophene-3- 2-Bromothiophene-4- 
carboxylic acid carboxylic acid (69%) 


12.46 In a Friedel-Crafts acylation reaction, an acyl chloride ог acid anhydride reacts with an arene to yield an 
aryl ketone. 


О О 
Ш AICI | 
АН + ВСС — — — ArCR 


ог. 


АСВ 


О 
Hog || | 
ArH + RCOCR ArCR + RCOH 


The ketone carbonyl is bonded directly to the ring. In each of these problems, therefore, you should 
identify the bond between the aromatic ring and the carbonyl group and realize that it arises as shown in 
this general reaction. 
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р | 
(a) The’compound is derived from benzene and СеН5СН:ССІ. The observed yield in this reaction is 8276. 


O 


О 
|| || 
6.) arises from C 2 and сб) 
О 


|| 
(b): The presence of the АТССНСНСОН unit suggests an acylation reaction using succinic anhydride. 


ЊС CH; arises from H3C СН. and POT 


CCH;CH;CO)H 
Succinic 
anhydride 


In practice, this reaction has been carried out in 5546 yield. 


(c) Two methods seem possible here hut only one actually works. The only effective combination is 


i i 
A 


p-Nitrobenzoyl Benzene p-Nitrobenzophenone (87%) 
chloride 


The allernative combination 


О 
|| AICI, ; 
ОМ + CIC ———-—- no reaction 


fails because it requires a Friedel-Crafts reaction on a strongly deactivated aromatic ring (nitrobenzene). 


(d) Here also two methods seem possible, but only one is successful in practice. The valid synthesis is 


НС Н.С 
? 1 
А1С1 
Н.С НС 
3,5-Dimethylbenzoyl Benzene 3,5-Dimethylbenzophenone 


chloride (89%) 


350 CHAPTER 12: Reactions of Arenes: Electrophilic Aromatic Substitution 


The alternative combination will not give 3,5-dimethylbenzophenone, because of the ortho, 
para-directing properties of the methyl substituents in m-xylene. The product will be 2,4-dimethyl- 
benzophenone. 


ЕЗС НАС 


H 
O 


m-Xylene Benzoyl chloride 2,4-Dimethyibenzophenone 


(e) The combination that follows is not effective because it involves a Friedel-Crafts reaction on a 
deactivated aromatic ring. 


О 
|| 
нс— jia + $) МЕН no reaction 


НОС 


p-Methylbenzoyl chloride Benzoic acid 


The following combination, utilizing toluene, therefore seems appropriate: 


| [| 
AICI 


HO;C HO;C 


The actual sequence used a cyclic anhydride, phthalic anhydride, in a reaction analogous to that 
seen in part (5). 


O 
uc-( ) + WY pues. uec je 
О 
НОС 
О 
Toluene Phthalic anhydride 0-(4-Methylbenzoyl)benzoic acid 


©) 

12.47 (a) The problem to he confronted here is that two meta-directing groups are para to each other in the 
product. However, by recognizing that the carboxylic acid function can be prepared by oxidation 
of the isopropyl group 

CH(CH3) COH 


oxidize 


SO3H SO4H 
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we have a reasonable last step in the synthesis. The key intermediate has its sulfonic acid group 
para to the ortho, para-directing isopropyl group, which suggests the following approach: 


CH(CH35; CH(CH3)2 COH 
$03 NayCr207 
H2504 H20, H2504, heat 
SO;H SOH 
Isopropylbenzene p-lsopropylbenzene- p-Carboxybenzene- 
sulfonie acid sulfonic acid 


(b) In this problem two methyl groups must be oxidized to carboxylic acid functions, and a tert-butyl 
group must be introduced, most likely by a Friedel-Crafts reaction. Because Friedel-Crafts alkylations 
cannot be performed on deactivated aromatic rings, oxidation must follow, not precede, alkylation. The 
following reaction sequence therefore seems appropriate: 


CH; CH; COH 


CH; CH; CO;H 


АКЫ Na,Cr,0: 
ca Р . Мат? ,. 
+ (CH 3)3CC H20, H2504, heat 


С(СНз)з C(CH3)3 
o-Xylene 4-tert-Butyl-1,2- 4-tert-Butylbenzene- 1 ,2- 
dimethylbenzene dicarboxylic acid 


In practice, zinc chloride was used as the Lewis acid to catalyze the Friedel-Crafts reaction (64% yield). 
Oxidation of the methyl groups occurs preferentially because the tert-butyl group has no benzylic 
hydrogens. 


(c) The carbonyl group is directly attached to the napbthalene unit in the starting material. Reduce it in the 
first step so that a Friedel-Crafts acylation can be accomplished on the naphthalene ring. An aromatic 


ring that bears a strongly electron-withdrawing group such as C=O does not undergo Friedel-Crafts 
reactions. 


CHC 
Ics 


(d) m-Dimethoxybenzene is a strongly activated aromatic compound and so will undergo electropbilic 
aromatic substitution readily. The ring position between the two methoxy groups is sterically hindered 
and less reactive than the other activated positions. 

OCH, 


7 


OCH, 


Arrows indicate equivalent ring 
positions strongly activated by 
methoxy groups. 
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Because Friedel-Crafts reactions may not be performed on deactivated aromatic rings, the 
tert-butyl group must be introduced before the nitro group. The correct sequence is therefore 


OCH; ОСН; ОСН; 
^ "OCH; DE oem “OCH; "C “OCH, 
C(CH3)3 C(CH3) 


This is essentially the procedure actually followed. Alkylation was effected, however, not with 
tert-butyl chloride and aluminum chloride but with 2-methylpropene and pbospboric acid. 


OCH, ОСН; 
HPO. 
+ (CH3),C=CH, ——— 
OCH; ОСН; 
C(CH3)3 
m-Dimethoxybenzene 2-Methylpropene i-tert-Butyl-2,4- 


dimethoxybenzene (75%) 


Nitration was carried out in the usual way. The orientation of nitration is controlled by the more powerfully 
activating methoxy groups rather than by the weakly activating tert-butyl. 


OCH, ОСН; 
HNO; 
FSO, 
OCH; OCH; 
C(CH3) C(CH3)5 


1-tert-Butyl-2,4- 
dimethoxy-5-nitrobenzene 


12.48 The first step is a Friedel-Cratts acylation reaction. The use of a cyclic anhydride introduces both the 
acyl and carboxyl groups into the molecule. 


О О О 
| || 
CCH;CH;COH 
О 
Benzene Succinic 4-Oxo-4-phenylbutanoic acid 


anhydride 
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The second step is a reduction of the ketone carbonyl to a methylene group. A Clemmensen reduction is 
normally used for this step. 


on f 
CCH;CH;COH CH;CH;CH;COH 
Zn(Hg) 
НСІ 
4-Oxo-4-phenylbutanoic acid 4-Phenylbutanoic acid 


The cyclization phase of the process is an intramolecular Friedel-Crafts acylation reaction. It requires 
conversion of the carboxylic acid to the acyl chloride (thionyl chloride is a suitable reagent) followed by 
treatment with aluminum chloride. 


О О 
i i 
CH;CH;CH;COH CH;CH;CH;CCI 
CY ОСЬ CY АСЬ 


4-Phenylbutanoic acid 4-Phenylbutanoy! chloride О 


12.49 Intramolecular Friedel-Crafts acylation reactions that produce five-membered or six-membered rings occur 
readily. Cyclization must take place at the position ortho to the reacting side chain. 


AICI AICI 
C 
О Oo а Ó 


(a) A five-membered cyclic ketone is formed here. 


ние 0-06 —АСз НЯ „а 
ac^" 
О О 
(46%) 


(b) This intramolecular Friedel-Crafts acylation takes place to form a six-membered cyclic ketone in 
excellent yield. 


(93%) 
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(c) Inthis case two aromatic rings are available for attack in the acylation reaction. The more reactive ring is 
the one that bears the two activating methoxy groups, and cyclization occurs on it. 


CH3O 


са 
| 
Pd Dou 


CH40 CH30 


CH30 CH;0 CH; 
те 
Ó О 


Only product (7896 yield) Not observed 


12.50 The partial rate factors given in the prohlem are greater than 1 and highest for the positions ortho and para 
to the suhstituent X. Thus X must he an activating, ortho, para-directing group. The most likely candidate for 
X is the only activating group given in the problem, tert-butyl [C(CH3)3]. 


12.51 (a) To determine the total rate of chlorination of biphenyl relative to that of benzene, we add up the partial 
rate factors for all the positions in each substrate and compare them. 


0 250 250 0 


1 1 
1 1 


0 250 250 0 


Biphenyl Benzene 
(sum = 2580) (sum = 6) 


: . . . Biphenyl 2580 430 
Relative rate of chlorination: ——— —-— = —— = —— 
Benzene 6 1 


(b) The relative rate of attack at the para position compared with the ortho positions is given by the ratio of 
their partial rate factors, 


Para _ 1580 E 1.58 


Ortho 1000 1 


Therefore, 15.8 р of p-chlorobiphenyl is formed for every 10 g of o-chiorobiphenyl. 


12.52 The problem stipulates that the reactivity of various positions in o-bromotoluene can be estimated by 
multiplying the partial rate factors for the corresponding positions in toluene and bromobenzene. Therefore, 
given the partial rate factors: 


СНз 
Very small 
45 4.5 0.0003 Br 
and 
48 48 0.084 Very small 
750 0.0003 


the two are multiplied together to give the combined effects of the two substituents at the various ring 
positions. 
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CH, CH; 
4,5 X 0.0003 Br 0.0013 Br 
or 
4,8 X 0.084 Very small 0.403 Very small 
750 x 0.0003 0.225 


The most reactive position is the one that is para to bromine. The predicted product is therefore 4-bromo- 
3-methylacetophenone. Indeed, this is what is observed experimentally. 


CH, CH, 
Br 0 Вг 
i АСВ 
+ сњса — 

CHSC 

О 
o-Bromotoluene Acetyl 4-Bromo-3-methylacetophenone 

chloride 


This was first considered to be “anomalous” behavior on the part of o-bromotoluene, but, as can be seen, it is 
consistent with the individual directing properties of the two substituents. 


12.53 The isomerization is triggered by protonation of the aromatic ring, an electrophilic attack by HCI catalyzed 


by AICI. 
CH(CH3); i CH(CH3) 
H4C CH; CH; 
HCH ЊС 
АЇСЬ Џ 
H H H H 
CH; СН» 


2-Isoprópyl-1,3,5- 
trimethylbenzene 


The carbocation theu rearranges by a methyl shift, and the rearranged cyclohexadienyl cation loses a proton 
to form the isomeric product. 


CH(CH3); CH(CH3)2 CH(CH3); 
CH; H CH; CH; | 
Н.С —_—» э ——= + H 
б. H HC H Hac 
H 3 
CH; CH CH 


^T-Isopropyl-2;4,5- 
trimethylbenzene 


The driving force for rearrangement is relief of steric strain between the isopropyl group and one of its 
adjacent methyl groups. Isomerization is acid-catalyzed. Protonation of the ring generates the necessary 
carbocation intermediate and rearomatization occurs by loss of a proton. 
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12.54 The relation of compound A to the starting material is 


| 
СНАСНо СА 
(Ci2H45CIO) (Ci2H340) 


The starting acyl chloride has lost the elements of НСІ in the formation of A. Because A forms benzene- 
1,2-dicarboxylic acid on oxidation, it must have two carbon substituents ortho to each other. 


C COH 
Na;Cr;O; 
CX H20, H2504, heat ex 
C CO;H 


These facts suggest the following process: 


О 
i 
(СН;) СС! H;C— CH, 
СТ AlCl} ET ҮН? 
cr) -CH -H* 
C-CH; 2 CH) 
H / 
О О 
А 


The reaction leading to compound А is ап intramolecular Friedel-Crafts acylation. Because cyclization to 
form an eight-membered ring is difficult, it must be carried out in dilute solution to minimize competition 
with intermolecular acylation. 


12.55 Although hexamethylbenzene has no positions availahle at which ordinary electrophilic aromatic substitution 
might occur, electropbilic attack on the ring can still take place to form a cyclohexadienyl cation. 


CH; CH; 
HC CH; Н.С CH; 
CHsCI 
AICI; 
Н.С CH; H,C CH; 
CH; НС СН; 


Compound A is the tetrachloroaluminate (AIC, ) salt of the carbocation shown. It undergoes deprotonation 
on being treated with aqueous sodium bicarbonate. 


chy im СН; 
НС CH; HLC CH; 
— + H0 
HC CH; HC CH; 
HC CH; H,C CH; 


B 
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12.56 By examining the structure of the target molecule, compound C, we see that the bond indicated in the 
following structure joins two fragments that are related to the given starting materials A and B: 


CH;O 


i CH; 


Compound C 


CHjO 
0:00) 


CH4O 


CH30 


Compound A 
CH30 


Сї „0 
CH;0 


Compound B 


After compound A is reduced by a Clemmensen or Wolff—Kishner reduction, the bond connecting the two 
fragments can be made by a Friedel-Crafts acylation-reduction sequence using the acyl chloride B. 


CH4O 
CH;O 


IY 
СІ 
y 
СНЗО 


_ АКВ __ 


т 


Wolfi_Kishne! raat Compound C 


reduction 


CH0 
CH;0 
CH40 
CH40 


The orientation is right; attack is para to one of the methoxy groups and ortho to the methyl. The substrate for 
the Friedel-Crafts acylation reaction, 3,4-dimethoxytoluene, is prepared from compound A by a 
Clemmensen or Wolff-Kishner reduction. Compound A cannot be acylated directly because it bears a 


strongly deactivating — CH substituent. 
| 


О 


12.57 In the presence of aqueous sulfuric acid, the side-chain double bond of styrene undergoes protonation to form 


a benzylic carbocation. 


C,H;CH=CH, + Н? 


Styrene 


+ 
СеН;СНСН; 


1 -Phenylethyl cation 


This carbocation then reacts with a molecule of styrene in the manner we have seen earlier (Chapter 6) for 


alkene dimerization. 


+ 
СеН5СНСНз + СН;СН= СН; 


" 
CeHsCHCH,CHC Hs 
CH; 
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The carbocation produced in this step can lose a proton to form 1,3-diphenyl-1-butene 


T 
CoHsCHCH,CHCsHs Сензсн=Снснсен, +H 
CH; СНз 


1,3-Diphenyl-1-butene 


or it can undergo a cyclization reaction in what amounts to an intramolecular Friedel-Crafts alkylation. 


Cs CH; 
CH 
"CH; + 
^ PN + H 
op 
с; C6H5 


1-Methyl-3-phenylindan 


12.58 The alcohol is tertiary and benzylic. In the presence of sulfuric acid, a carbocation is formed. 


An intramolecular Friedel-Crafts alkylation reaction follows, in which the carbocation attacks the adjacent 
aromatic ring. 


f a 
2С 
шеи H3C e 
CH; CH; 
СЫН 


12.59 In this nucleophilic aromatic substitution reaction, the attack of sodium methoxide on the carbon bearing the 
halogen substituent is the slow step and the subsequent loss of halide is the fast step of the reaction. 
Therefore, the reaction does not depend on the identity of the halide in the starting material. In the first step, 
the cyclohexadienyl anion that is formed by attack of methoxide at the carbon bearing the halide is most 
stabilized by nitro substituents ortho and para to the halide, whereas meta substituents only slightly increase 
the reaction rate. The ranking is as follows: 


Br Br F F 
NO, 
slowest < < < fastest 
NO, ON NO, NO; 
NO; NO, 


1 2 3 4 
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12.60 In this nucleopbilic aromatic substitution reaction, tbe cyclohexadienyl anion that is formed by attack of 
methoxide at the carbon bearing the halide loses a nitro substituent. By pushing electrons, it can be found 


that leaving group (c), a nitrite ion is formed. 


CN :0' 
m 
O3N N 


т OCH; 
CP; 


CN | CN :0' 
СА .. . i 
0s ON OCH; м 
OCH; a + ‚Ол 
CF; CR, (c) 


12.61 In reaction (a), an electrophilic aromatic substitution nitration reaction will occur, but at the opposite ring that 
is indicated for the product, because the opposite ring is more activated. A nucleophilic aromatic substitution 
reaction in reaction (c) would not take place because the fluorine substituent in the starting material is not 
activated by electron-attracting substituents. Reaction (b), however, would proceed to give the product 
because the fluorobenzene has nitro substituents ortho and para that activate the ring toward nucleophilic 


aromatic substitution. 


Reaction (b): 


CH; 
12.62 (a) 
Cl 
m-Chlorotoluene 
CH=CH, 
(c) 
F 


p-Fluorostyrene 


о NO; 


OCH; 
Br Br 
(b) 
2,6-Dibromoanisole 
3v 2 oy 
5 6 6 5 


4,4’-Diiodobipheny! 
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Br 


CICHCH 
Cl 
(е) 
ОМ 
2-Bromo-1-chloro-4- 1-Chloro-1-phenylethane 
nitrobenzene (Note: This compound 


is not an ary] halide.) 


CH;CI 
рр, S Cl 
5 4 


2-Chloronaphthalene 


p-Bromobenzyl 
chloride 


Ci СІ 
8 1 
7 2 
6 3 Ф 
5 4 


1,8-Dichloronaphthalene 9-Fluorophenanthrene 


12.63 (a) Chlorine is a weakly deactivating, ortho, para-directing substituent. 


CI 0 Cl 
ССН; 
AICI 
+ сна! — + 
7 
O^ “сн 
Chlorobenzene Acetyl o-Chloroacetophenone p-Chloroacetophenone 


chloride 


(b) Bromobenzene reacts with magnesium to give a Grignard reagent. 


diethyl ether 


СоН5Вг + Mg CsHsMgBr 
Bromobenzene Phenylmagnesium 
bromide 


(c) Protonation of the Grignard reagent in part (b) converts it to benzene. 


HO 


CgHsMgB r HCl 


Сенс 


Phenylmagnesium Benzene 
bromide 
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(d) Aryl halides react with lithium in much the same way that alkyl halides do, to form organolithium 
reagents. 


diethyl ether 


сена + 214 САНЕ + Lil 


Iodobenzene Lithium Phenyllithium Lithium 
iodide 


(e) The bromine attached to the benzylic carbon is far more reactive than the one on the ring and is the one 
replaced by the nucleophile. 


w— Vous MCN n p< Xomon 


p-Bromobenzyl bromide p-Bromobenzyl cyanide 


(f) Hexafluorobenzene undergoes substitution of one of its fluorines on reaction with nucleophiles such as 
sodium hydrogen sulfide. 


F SH 
F F F F 
+ NaSH 
F F F F 
F 
Hexafluorobenzene Sodium 2,3,4,5,6-Pentafluorobenzenethiol 


hydrogen sulfide 


12.64 (a) o-Chloronitrobenzene is more reactive than chlorobenzene because the cyclohexadienyl anion 
intermediate is stabilized by the nitro group. 


сњо Cl ih сњо а ‘OF 
CN. NS 
‘OF rig 


Comparing the rate constants for the two aryl halides in this reaction reveals that o-chloronitrobenzene 
is more than 20 billion times more reactive at 50?C. 


(b 


~ 


The cyclohexadieny] anion intermediate is more stable, and is formed faster, when the 
electron-withdrawing nitro group is ortho to chlorine. o-Chloronitrobenzene reacts faster than 
m-chloronitrobenzene. The measured difference is a factor of approximately 40,000 at 50°C. 


(c) 4-Chloro-3-nitroacetophenone is more reactive, because the ring bears two powerful electron- 
withdrawing groups in positions where they can stabilize the cyclohexadienyl anion intermediate. 


сњо Ci (0: сњо c Өг сњо ci 6: 
| х 
mm 
Ep TOC Pos 
в с ++ 
B 
C C ‚ „С 
2 “сн Oe CH; a CH; 
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(d) Nitro groups activate aryl halides toward nucleophilic aromatic substitution best when they are ortho or 
para to the leaving group. 


Е Е 
ON NO, | 
is more reactive than 
ON NO; 
2-Fluoro-1,3- 1-Fluoro-3,5- 
dinitrobenzene dinitrobenzene 


(e) The aryl halide with nitro groups ortho and para to the bromide leaving group is more reactive than the 
aryl halide with only one nitro group. 


Br Br 
NO; NO, 


is more reactive than 


NO; Br 
1-Bromo-2,4- 1,4-Dibromo-2- 
dinitrobenzene nitrobenzene 


12.65 (a) The nucleophile is piperidine. The substrate, 1-bromo-2,4-dinitrobenzene, is very reactive in 
nucleophilic aromatic substitution by the addition-elimination mechanism. 


Q 


Br 
NO, МО? 
© — 
N 
МО» a 


NO; 
1-Bromo-2,4- Piperidine N-(2,4-Dinitrophenyl)- 
dinitrobenzene piperidine 


(b) Of the two bromine atoms, one is ortho and the other meta to the nitro group. Nitro groups activate 
positions ortho and para to themselves toward nucleophilic aromatic substitution, and so it will be the 
bromine ortho to the nitro group that is displaced. 


Br N 
NO; NO, 
б — 
М 
Вг ш Br 
1,4-Dibromo-2- Piperidine N-(4-Bromo-2-nitrophenyi)- 


dinitrobenzene piperidine 
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12.66 Reaction of a nitro-substituted aryl halide with a good nucleophile leads to nucleophilic aromatic substitution. 
Methoxide will displace fluoride from the ring, preferentially at the positions ortho and para to the nitro 


group. 
МО; О» 
=. 
NaOC _NaOCH3 _ 
"ењон ” 
eee 
1,2,3,4,5-Pentafluoro- 2,3,4,5-Tetrafluoro- 2,3,5,6-Tetrafluoro- 
6-nitrobenzene 6-nitroanisole 4-nitroanisole 


12.67 (a) This reaction is nucleophilic aromatic substitution by tbe addition—elimination mechanism. 
CI SCH;C&4Hs 
NO; NO; 

+ СеН5СН25К 


СНз CH; 
4-Chloro-3- 4-(Benzylthio)-3- 
nitrotoluene nitrotoluene 


The nucleophile Сен displaces chloride directly from the aromatic ring. The product in this 


case was isolated in 5796 yield. 


(b) The nucleophile hydrazine will react with 1-chloro-2,4-dinitrobenzene by an addition-elimination 
mechanism as shown. 


oe + • To * 
cl HN-—NH, Cl H2N—NH 
NO; NO; NO; 
е оо pt 
+ H;NNH, 
+ 
NO, ЕЕ NO; 
I-Chloro-2,4- Hydrazine 2,4-Dinitrophenylhydrazine 


dinitrobenzene 


The nitrogen atoms of hydrazine each have an unshared electron pair and hydrazine is fairly 
nucleophilic. The product, 2,4-dinitrophenylhydrazine, is formed in quantitative yield. 


(c) The problem requires you to track the starting material through two transformations. The first of these is 
^"nitration of m-dichlorobenzene, an electrophilic aromatic substitution reaction. ^ 


CI СІ а Cl 
HNO; 
Oe “С 
NO; 


m-Dichlorobenzene 2,4-Dichloro-f- 
nitrobenzene 
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Because the final product of the sequence has four nitrogen atoms (CgH¢N,4O,), 2,4-dichloro-1- 


nitrobenzene is an unlikely starting material for the second transformation. Stepwise nucleophilic 
aromatic suhstitution of both chlorines is possible but leads to a compound with the wrong molecular 
formula (CcHZN50»). 


а! а! HN NH; 
ЖЕ NH3 
NO; NO; 


2,4-Dichloro-1- 2,4-Diamino-1- 
nitrobenzene nitrobenzene 


To obtain a final product with the correct molecular formula, the original nitration reaction must lead not 
to a mononitro but to a dinitro derivative. This is reasonable in view of the fact that this reaction is 
carried out at elevated temperature (120°C). 


CI CI СІ СІ НМ NH; 
HNO;, H2504 NH; 
Cr 120°C bed ethylene TX 
O5N МО; glycol, 140°C ОМ МО; 


m-Dichlorobenzene 1,5-Dichloro-2,4- 1,5-Diamino-2,4-dinitrobenzene 
dinitrobenzene (CcHgN4O4) 


This two-step sequence has been carried out with product yields of 70—71% in the first step and 88-95% 
in the second step. 


(d) This problem also involves two transformations, nitration and nucleophilic aromatic substitution. 
Nitration will take place ortho to chlorine (meta to trifluoromethyl). 


СЕ» 
_НМО; _ _МаОСН» _ 
"но — “CHOH " 
Cl 


ma 

1-Chloro-4- {-Chloro-2-nitro-4- 2-Nitro-4- 
(trifluoromethyl)- (trifluoromethyl)benzene (trifluoromethyl)- 

benzene anisole 


(e) The primary alkyl halide is more reactive toward nucleophilic substitution than the aryl halide. A 
phosphonium salt forms by ап 5,2 process. 


— oou + (С95)3Р = nex c Br 


p-Iodobenzyl bromide Triphenyl- (p-Iodobenzyl)triphenyl- 
phosphine phosphonium bromide (8696) 
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(f) N-Bromosuccinimide (NBS) is a reagent used to substitute benzylic and allylic hydrogens with bromine. 
The benzylic bromide undergoes Sy2 substitution with the nucleophile, methanethiolate. As in part (e), 


the alkyl halide is more reactive toward substitution than the aryl halide. 


NaSCH, 
——^ 


NBS з 
Вг OCH; БЕГ регине, Вг OCH; Br ОСН; 
СС, heat 
Hc ВІСН; CH3SCH) 
2-Bromo-5- 2-Bromo-5-methox ybenzyl bromide 2-Bromo-5-methoxybenzyl 
methoxytoluene methyl sulfide 


12.68 Dinitration of p-chloro(trifluoromethyl)benzene will take place at the ring positions ortho to the chlorine. 
Compound A is 2-chloro-1,3-dinitro-5-(trifluoromethyl)benzene. Trifluralin is formed by nucleophilic 
aromatic substitution of chlorine by dipropylamine. Trifluralin is -2,6-dinitro-N,N-dipropyl 
-4-(trifluoromethyl) aniline. 


CF; CF; CF; 
HNO; (CH3CH2CH)2NH 
H2504, heat 
ON NO; ON NO, 
Cl Cl N(CH2CH2CH3)2 
p-Chloro- 2-Chloro-1,3-dinitro-5- 
(trifluoromethyD- (trifluoromethyDbenzene 2,6-Dinitro-N,N-Dipropyl-4- 
benzene (compound À) (trifuoromethylaniline 


(trifluralin) 


12.69 p-Chloro(trifluoromethyl)benzene undergoes nucleophilic substitution by the alkoxide anion to give 


compound À. 
ьс—{ _ў—оснсвснусн 


Compound А 


07 Ма“ 


(Ту сисњсвлсно, + re а 


Prozac (Fluoxetine hydrochloride) differs from compound А in having an —NHCH, group in place of —N(CH3)). 


вс—{ _ў—осиси,сымсну вс—@{_}ўу—оеисн,сн;днсв, 


Compound А Рготас 
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12.70 (a) Ethoxide ion adds to the aromatic ring to give a cyclohexadienyl anion. 


NO» NO; 
о, x Q OCH; 
N ОСН. + NaOCH,CH; Na М 
-0 -o OCH;CH; 
NO; NO; 
2,4,6-Trinitroanisole Sodium ethoxide Meisenheimer complex 


(b) The same Meisenheimer complex results when ethyl 2,4,6-trinitrophenyl ether reacts with sodium methoxide. 


NO; NO; 
Ол, ‚ a OCH; 
N OCH;CH; + NaOCH; Na N 
"o "o OCH;CHs 
NO; NO; 
Ethyl 2,4,6-trinitrophenyl ether Sodium ; Meisenheimer complex 
methoxide 


12.71 Methoxide ion may add to 2,4,6-trinitroanisole either at the ring carbon that bears the methoxyl group or at 
an unsubstituted ring carbon. 


jm Ne ОСН; К ie 
T. 
_NaOCH3 _ 
CHOH = OCH; 
2,4,6-Trinitroanisole A B 


The two Meisenheimer complexes are the sodium salts of the anions shown. It was observed that compound 
A was the more stable of the two. Compound B was present immediately after adding sodium methoxide to 
2,4,6-trinitroanisole but underwent relatively rapid isomerization to compound A. 


12.72 On treatment with base, intramolecular nucleophilic aromatic substitution leads to the observed product. 


F 
F OCH;CH;OH dui. M 
__ КО _ 
heat vd ) 
Е Е 
Е 


12.73 Polychlorinated biphenyls (PCBs) аге derived from biphenyl as the base structure. It is numbered as shown. 


CHAPTER 12: Reactions of Arenes: Electrophilic Aromatic Substitution 367 


(a) There are three monochloro derivatives of biphenyl: 


Cl 


а о 
с 


2-Chlorobiphenyl 3-Chlorobipheny] 4-Chlorobiphenyl 
(o-chlorobiphenyl) —(m-chlorobiphenyl) —(p.chlorobiphenyl) 


(b) The two chlorine substituents may be in the same ring (six isomers): 


Cl Ci 
( а | Cl | ( в а Cl ( Cl 
! СІ СІ C Cr Ci 


2,3-Dichlorobiphenyl —2,4-Dichlorobiphenyl — 2,5-Dichlorobiphenyl 2,6-Dichtorobiphenyl — 3,4-Dichlorobiphenyl — 3,5-Dichiorobiphenyl 


The two chlorine substituents may be in different rings (six isomers): 


Ci 
E E d C] CI 2 
Cl Cl Cl E E Sus 
CI 
AU м S „ © 
Cl Ci а 


22-Dichlorobiphenyk —2,3-Dichlorobiphenyl — 2,4'-Dichlorobiphenyl 3,3’-Dichlorobiphenyl 3,4'-Dichlorobiphenyl —4,4"-Dichlorobiphenyl 
There are therefore a total of 12 isomeric dichlorobiphenyls. 


(c) The number of octachlorobiphenyls will be equal to the number of dichlorobiphenyls (12). In both cases we 
are dealing with a situation in which eight of the ten substituents of the biphenyl system are the same. We 
.. then need to consider how the remaining two may be arranged. In the dichlorobiphenyls described in part (b), 
eight substituents are hydrogen and two are chlorine; in the octachlorobiphenyls, eight substituents are 
chlorine and two are hydrogen. 


(d) The number of nonachloro isomers (nine chlorines, one hydrogen) must equal the number of 
monochloro isomers (one chlorine, nine hydrogens). There are therefore three nonachloro derivatives of 
biphenyl. 
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1274 C; 1275 D; 1276 B; 1277 А; 1278 B 


SELF-TEST 


1. Write the three most stable resonance contributors to the cyclobexadienyl cation formed in the ortho 
bromination of toluene. 


2. Give tbe major product(s) for each of the following reactions. Indicate whether the reaction proceeds faster 
or slower than the corresponding reaction of benzene. 


NO; Šó 
HNO; эсс. 
(а) LI H2504 | d #50, 
а 


CH;CH; 


Вг; 
——— 7 
Ф) FeBra 


3. Write the formula of the electrophilic reagent species present in each reaction of the preceding problem. 


4. Provide the reactant, reagent, or product omitted from each of the following: 


CH;CH(CH3); 
Zn(Hg) 
> ————- 
(а) | на 
C(CH3) 
e 
CH;CH;CH;C(CH3); 
(b) АСЫ, 
ОСН» OCH о OCH; 
CCH; 
(c) НЕС ee + 


о=с— Сен 
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HNO4 
H3804 


Ci 
o 4 > к? 


5. Draw the structure(s) of the major product(s) formed by reaction of each of the following compounds with 
Cl, and FeCl}. If two products are formed in significant amounts, draw them both. 


(d) 


? 


NO; 


О 
CN 
(a) (b) Cr © (d) сњ -( yon 


СН; ОСН; 


6. Provide the necessary reagents for each of the following transformations. More than one step тау be necessary. 


(a) { сиси», нољ— У сон 
(b) Q = Q omen 
а 


CH CH; 
(с) =» ДТ 
снзс 
O 


T Ф WE 
SO3H 
(e) © н снос Nos 


7. Outline a reasonable synthesis of each of the following from either benzene or toluene and any necessary 
organic or inorganic reagents. 


НзС, „ЄН; 
CoH C CH,CH(CH3)2 
`$ 
(a) (b) €) | 
22 
ON МО» CI 


NO; СН; 
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8. Outline a reasonable synthesis of the compound shown using anisole (C;H;OCH;) and any necessary 
inorganic reagents. 


CH4O NO» 


Br 


9. Give the product obtained from the following reaction, and draw the structure of the intermediate formed 


in the reaction. 
CI 
СНО“ гыл д 
—— 9 
Jed ОНОН ? (monosubstitution) 
Ci NO 


2 


10. Suggest synthetic schemes by which chlorobenzene may be converted into 


(a) 2,4-Dinitroanisole (1-methoxy-2,4-dinitrobenzene) 
(b) | p-Isopropylaniline 
11. Write a mechanism using resonance structures to show how a nitro group directs ortho, para in 
nucleophilic aromatic substitution. 


CHAPTER 13 


Spectroscopy 


SOLUTIONS TO TEXT PROBLEMS 


13.1 The field strength of an NMR spectrometer magnet and the frequency of electromagnetic radiation used 
to observe an NMR spectrum are directly proportional. Thus, the ratio 4.7 T/200 MHz is the same as 
1.41 T/60 MHz. The magnetic field strength of a 60 MHz NMR spectrometer is 1.41 T. The field strength of 
a 920 MHz instrument is 21.6 T. 


13.2 The ratio of !H and '?C resonance frequencies remains constant. When the ЇН frequency is 200 MHz, 


13C NMR spectra are recorded at 50.4 MHz. Thus, when the ЇН frequency is 100 MHz, 1°C NMR spectra 
will be observed at 25.2 MHz. 


13.3 (a) The NMR chemical shift (8 of bromoform (CHBr,) recorded at 300 MHz is 


s. 2065 Hz 


= 6 х 106 = 6.88 ppm 
300 x 10° Hz 


(b) When measured at 400 MHz, the chemical shift would be the same for bromoform, 6.88 ppm. 


(c) The frequency of the measured absorption at 400 MHz for bromoform is 2752 Hz. This is usually 
measured by the spectrometer: However, using the equation in part (а) and- replacing the-value-of 2065. Hz 


with y, replacing (300 x 105) with (400 x 109) and then solving for y, one may calculate this value. 
Б 


„ 688x (400 x 196 Hz) 


С =2752 Hz 
(1x 109) 


371 


372 CHAPTER 13: Spectroscopy 


13.4 (b) Electronegative atoms such as chlorine exert an electron-withdrawing effect on the protons 
that are separated from them by the fewest bonds. The effect is cumulative, and two chlorines 
will exert a greater effect than one. The proton on C-1 will be the least shielded and those on 
C-3 will be the most shielded. 


Least shielded Most shielded 
(85.9 Cl (8 1.7) 
| 
ClpCHCHCH, 
(8 4.3) 


(c) The protons on the carbons adjacent to the oxygen of tetrahydrofuran will be less shielded 
than those separated from the oxygen by more bonds. 


More shielded 


T4 (81,8) 


( \ -—— Less shielded 
O 


(637) 


13.5 (a) Theleast shielded (most deshielded) protons are those directly attached to the double bond. The 
protons on the ring that are closer to the double bond are less shielded than those farther away. 


у= 

^ \ 

816 848 
822 


(b) The reported chemical shifts for benzyl acetate are 6 2.0, 5.1, and 7.2. The chemical shifts from the table 
are given in the structure on the feft. The aryl protons can easily be assigned to 6 7.2. The absorption at 6 
2.0 is just in the range for C-H protons adjacent to carbonyl groups. For the remaining benzylic protons, the 
chemical shift at б 5.1 does not fall into any range predicted from the table (2.3-2.8 ог 3.3—3.7); however, 
hecause the benzylic protons are also adjacent to an oxygen, one would predict that this combination would 
significantly shift the proton signal farther downfield, (i.e., to $ 5.1). 


H С-Н adjacent to С=О (2.0-2.5) H H - 2.0 
1 0 
H СЊОССЊ H СНОССН}; 
Н H 
x / Benzylic (2.3-2.8) and aicohol/ether (3.3-3.7) WY 5.1 
Aryl protons (6.5-8.5) 7.2 


13.6 Protons attached to carbons adjacent to a carbonyl group are less shielded than those separated 
from the carbonyl by more bonds. Methyl protons are generally more shielded than methylene 
protons; thus, the chemical shifts of each set of protons in 2-pentanone may be assigned. 


О 
i 
CH4CCH;CH;CH; 


520 623 60517 811. 
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13.7 The least shielded proton is the O—H proton of the carboxyl group. Recall (from Chapter 12) that 
nitro groups are strongly electron-withdrawing and that this effect is felt most strongly ortho and 
para to the group. Thus of the two sets of protons on the benzene ring, the less shielded of them 
is the set ortho to the nitro substituent. The most shielded protons in the spectrum are those of 


the methyl group. 
H н 840 
19 
ОМ CHOR =— 6120 

СНА 

Н H 

E ок" 

882 67.5 


13.8 1,4-Dimethylbenzene has two types of protons: those attached directly to the benzene ring and those 
of the methyl groups. Aryl protons are significantly less shielded than alkyl protons. As shown in text 
Table 13.1, they are expected to give signals in the chemical shift range б 6.5—8.5. Thus, the signal 
at 6 7.0 is due to the protons of the benzene ring. The signal at 6 2.2 is due to the methyl protons. 


H H 522 
НС CH; 


H Н -— 570 


13.9 (b) Four nonequivalent sets of protons are bonded to carbon in 1-butanol as well as a fifth distinct 


type of proton, the oue bonded to oxygen. There should be five signals in the 1H NMR spectrum 
of 1-butanol. 


_CH3CH,CH,CH)O0H 


Edw ud 


Five different proton environments 
in 1-butanol; five signals 


(c) Apply the “proton replacement" test to butane. 


CH;CH;CH,CH, CICH;CH,CH;CH; — CH.CHCH;CH; 
Ci 


Butane 1-Chlorobutane 2-Chlorobutane 


CH;CH;CHCH, CH4CH;CH;CH;CI 
CI 


2-Chlorobutane 1 -Chlorobutane 


Butane has two different types of protons; it will exhibit two signals in its 'H NMR spectrum. 
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(d) Like butane, 1,4-dibromobutane has two different types of protons. This can be illustrated by 
using a chlorine atom as a test group. 
С! 1 a e 
BrCH;CH;CH;CH;Br BrCHCH;CH;CH9Br  BrCH;CHCH;CHjBr  BrCH;CH;CHCHjBr | BrCH;CH;CH;CHBr 


1,4-Dibromobutane 1,4-Dibromo-1-chlorobutane 1,4-Dibromo-2-chlorobutane 1,4-Dibromo-2-chlorobutane  1,4-Dibromo-1-chlorobutane 
The 'H NMR spectrum of 1,4-dibromobutane is expected to consist of two signals. 


(e) All the carbons in 2,2-dibromobutane are different from one another, and so protons attached 
to one carbon are not equivalent to the protons attached to any of the other carbons. This 
compound should have three signals in its ІН NMR spectrum. 


‘a 
УСНИ 


| вг | | 


2,2-Dibromobutane has three 
nonequivalent sets of protons. 


(f) All the protons in 2,2,3,3-tetrabromobutane are equivalent. Its ІН NMR spectrum will consist 
of one signal. 


n Br 
егете 
Вг Вг 


2,2,3,3- Tetrabromobutane 


(g) There are four nonequivalent sets of protons ір 1,1,4-tribromobutane. It will exhibit four signals 
in its ЇН NMR spectrum. 
г 
ВЕНН СНВ 
H 


1,1,4-Tribromobutane 


(Л) The seven protons of 1,1,1-tribromobutane belong to three nonequivalent sets, and hence the 
ІН NMR spectrum will consist of three signals. 


Br4CCH;CH4CH; 


1,1, 1-Tribromobutane 


13.10 (b) Apply the replacement test to each of the protons of 1,1-dibromoethene. 


Bry Н Br. „С Br „Я 
Æ C. ys =C ATO 
Br H Br H Br Cl 
1,1-Dibromoethene 1,1-Dibromo-2-chloroethene 1, 1-Dibromo-2-chtoroethene 


Replacement of one proton by a test group (Cl) gives exactly the same compound as replacement of the 
other. The two protons of 1,1-dibromoethene are equivalent, and there is only one signal in the !H NMR 
spectrum of this compound. 
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(c) The replacement test reveals that both protons of cis-1,2-dibromoethene are equivalent. 
Вг. ,Pr Bry ,Pr Br „Вт 
C=C. C=C C=C. 
и ~ / x N 
H H Cl H H СІ 
cis-1,2-Dibromoethene — (Z)-1,2-Dibromo-1-chloroethene (Z)-1,2-Dibromo- l-chloroethene 
Because both protons are equivalent, the 1H NMR spectrum of cís-1,2-dihromoethene consists of one 
signal. 
(d) Both protons of trans-1,2-dibromoethene are equivalent; each is cis to a bromine substituent. 
Br ‚Н 
N 
H Br 
trans-1,2-Dibromoethene 
(one signal in the 1H NMR spectrum) 


(e) Four nonequivalent sets of protons occur in ally] hromide. 
H H 
/ 
с=с 
H CH3Br 


Allyl bromide (four signals in 
the ‘Н NMR spectrum) 


(f) The protons of a single methyl group are equivalent to one another, but all three methyl groups of 
2-methyl-2-butene are nonequivalent. The vinyl proton is unique. 


2-Methyl-2-butene (four signals in 
the 'H NMR spectrum) 


13.11 (b) The three methyl protons of 1,1,1-trichloroethane (СКССНа) are equivalent. They have tbe same 
chemical shift and do not split each other's signals. The ІН NMR spectrum of ClyCCH, consists of a 
single sharp peak. 


(c) Separate signals will be seen for the methylene (СН,) protons and for the methine (CH) proton of 
1,1,2-trichioroethane. 


CLC-CH;CI 
= 
Triplet Doublet 


1,1,2-Trichloroethane 


The methine proton splits the signal for the methylene protons into a doublet. The two methylene protons 
split the methine proton’s signal into a triplet. 


376 CHAPTER 13: Spectroscopy 


(d) Examine the structure of 1,2,2-trichloropropane. 


s 
CICH;CCH; 
CI 
1,2,2-Trichloropropane 
The 'H NMR spectrum exhihits a signal for the two equivalent methylene protons and one 
for the three equivalent methyl protons, Both these signals are sharp singlets. The protons 


of the methyl group and the methylene group are separated by more than three bonds and 
do not split each other’s signals. 


(e) The methine proton of 1,1,1,2-tetrachloropropane splits the signal of the methyl protons 
into a doublet; its signal is split into a quartet by the three methyl protons. 


e 
МАН о Doublet 


H 
™ Quartet 
1,1,1,2-Tetrachloropropane 


13.12 (b) The ethyl group appears as a triplet-quartet pattern and the methyl group as a singlet. 
CH3CH;0CH3 


Triplet Quartet Singlet; not vicinal to any 
other protons in molecule 


(c) The two ethyl groups of diethyl ether are equivalent to each other. The two methyl groups 
appear as one triplet and the two methylene groups as one quartet. 


CH4CH;OCH;CH; 


Triplet Triplet 
Quartet Quartet 


(d) The two ethyl groups of p-diethylbenzene are equivalent to each other and give rise to a 
single triplet-quartet pattern. 


CHCH; CHCH; 


H H 


Three signals: 
CH; triplet; 
СН» quartet; 

aromatic H singlet 


All four protons of the aromatic ring are equivalent, have the same chemical shift, and 
do not split either each other's signals or any of the signals of the ethyl group. 
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(e) Four nonequivalent sets of protons occur in this compound: 


AIR 
Triplet ү ES Triplet 
Triplet Quartet 


Vicinal protons in the CICH,CH,O group split one another’s signals, as do those in 
the CH,CH,O group. 


13.13 (b) The signal of the proton at C-2 is split into a quartet by the methyl protons, and each line of 
this quartet is split into a doublet by the aldehyde proton. It appears as a doublet of quartets. 
(Note: It does not matter wbether the splitting pattern is described as a doublet of quartets 
or a quartet of doublets. There is no substantive difference in the two descriptions.) 


These three О 

protons split || 

the signal юг НАС—С—СН ~<— This proton splits the signal 
proton at C-2 |“ | for the proton at C-2 

into a quartet. Br into a doublet. 


13.14 Eight lines are observed because H, and H, are not chemical shift equivalent; they split each other into a 
doublet. Each of these doublets is split again by coupling of each to H,, giving a total of eight lines. H, and 
H, are nonequivalent because the carbon they are attached to is adjacent to a chirality center. By using the 
replacement technique discussed in the text, H, and H, are diastereotopic. 


replace H, with D 


Diastereomers: H, and H; are 
diastereotopic. 


replace H, with D 


13.15 The alcohol proton will be split into a triplet in a primary alcohol, a doublet in a secondary alcohol, 
and will not be split in a tertiary alcohol. 


RCH;—0—H R;CH--0—H R,C—O—H 
Primary alcohol: Secondary alcohol: Tertiary alcohol: no 
CH; group splits signal CH group splits signal protons vicinal to O—H proton; 
for O—H proton into a triplet. for O—H proton into a doublet. therefore, no splitting 


13.16 (b) The two methyl carbons of the isopropyl group are equivalent. 


Four different types of carbons occur in the aromatic ring and two different types are present 
in the isopropyl group. The ЗС NMR spectrum of isopropylbenzene contains six signals. 
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(c) The methyl substituent at C-2 is different from those at C-1 and C-3: 


т 
CH. 
X У 
n 
W i CH; 
Х Nm 
СН» 


The four nonequivalent ring carbons and the two different types of methyl carbons give rise 
to a C NMR spectrum that contains six signals. 


(d) The three methyl carbons of 1,2,4-trimethylbenzene are different from one another: 


Н.С 


НС CH; 


Also, ail the ring carbons are different from each other. The nine different carbons give rise 
to nine separate signals. 


(е) All three methyl carbons of 1,3,5-trimethylbenzene are equivalent. 


Because of its high symmetry 1,3,5-trimethylbenzene has only three signals in its 
ВС NMR spectrum. 


13.17 The two factors that affect chemical shift in a "С NMR spectrum are the electronegativity 
of the groups attached to carbon and the hybridization of carbon. The more electronegative 
chlorine will exert a greater deshielding effect than bromine in 1-bromo-3-chloropropane. 
The peaks can be assigned as follows: 


BrCH;CH;CH4CI 


(835) (830) (843) 


13.18 sp?-Hybridized carbons are more shielded than sp?-hybridized ones. Carbon x is ће most 
shielded, and has a chemical shift of 8 20. The oxygen of the OCH, group decreased the 
shielding of carbon z; its chemical shift is 8 55. The least shielded is carbon y with a 
chemical shift of 6 157. 


8 \ H H 855 
Н.С OCH; 
8157 
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13.19 


13.20 


13.21 


13.22 


13.23 


13.24 


Carbon is more electronegative than hydrogen. Because the carbonyl of a ketone has two carbon 
atoms attached and an aldehyde only one, the carbonyl carbon of an aldehyde is expected to be 
more shielded. This effect can be illustrated by comparing the chemical shifts of the carbonyl 
carbons of the aldehyde butanal (8 203) and the ketone 2-butanone (6 208). 


О 
i i 
CH,CH;CH;CH  CH;CH;CCHs 


8 203 6208 
Butanal 2-Butanone 


The 3C NMR spectrum in Figure 13.28 shows nine signals and is the spectrum of 1,2,4-trimethyl- 
benzene from part (d) of Problem 13.16. Six of the signals, in the range ф 127—138, are due to the six 
nonequivalent carbons of the benzene ring. The three signals near à 20 are due to the three nonequivalent 
те ћу] groups. 


Н.С CH; 


CH; 
1,2,4-Trimethyibenzene 


The formula С.Н ‚О represents a molecule with an index of hydrogen deficiency of one, so it has a ring or a 
double bond. Two carbons have chemical shifts in the alkene carbon region, suggesting that the molecule is 
an alkene. The two sp’ carbons have chemical shifts of 115 and 142 ppm, respectively. One of these carbons 
has two attached protons, so it bas a shift of 115. One carbon has a chemical shift of about 70 ppm, which is 
the region for an sp? carbon attached to an oxygen, and itis a СН. The remaining three carbons include two 


additional CH, carhons and one CH,. On the basis of their chemical shifts, the best answer is 1-bexene-3-ol. 


CH;—CHCHCH;CH;CH; 
ÓH 


Absorption frequencies given in wavenumbers (cm ^) are directly proportional to the energy difference 
between two adjacent vibrational states. Thus the energy difference is smaller for O-D stretching 
(2630 стг’) than for О-Н stretching (3600 ст“). 


In order for an absorption to be observable in an infrared spectrum, a change in molecular dipole moment 
must occur. The douhle bond in ethylene, Н,С=СН,, is symmetrically substituted. Thus the double bond 


stretching vibration does not produce a change in dipole moment and no peak is observed. 
The IR spectrum shows absorption above 3000 cm in the sp’ C-H stretching region indicating a 
suhstituted benzene ring. The prominent peak in the 1709-1750 ст“ region suggests the presence of a 


carbonyl group. The strong absorption at 1200 ст“ due to C—O—C stretching allows the ester to be 
selected as the compound giving rise to the spectrum in text Figure 13.37. 


Q 


|| 
{У CH4OCCH,  Benzylacetate; compound whose IR 
spectrum is shown in Figure 13.37 
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13.25 The energy of electromagnetic radiation is inversely proportional to its wavelength. Because excitation of an 
electron for the x — л* transition of ethylene occurs at a shorter wavelength (пах = 170 nm) than that of 


cis,trans-1,3-cyclooctadiene (Anax = 230 nm), ће HOMO-LUMO energy difference in ethylene is greater. 


13.26 Conjugation shifts Алу to longer wavelengths in alkenes. The conjugated diene 2-methyl-1,3-butadiene has 
the longest wavelength absorption, Anax = 222 nm. The isolated diene 1,4-pentadiene and the simple alkene 
cyclopentene both absorh below 200 nm. 


ae 
2-Methyl-1,3-butadiene 
(max = 222 nm) 


13.27 (b) The distribution of molecular-ion peaks in o-dichlorobenzene is identical to that in the para isomer. As 
the sample solution to part (a) in the text describes, peaks at m/z 146, 148, and 150 are present for the 
molecular ion. 


(c) The two isotopes of bromine are 7ЭВг and 81Вг. When both hromines of p-dibromohenzene are ?9Br, the 
molecular ion appears at m/z 234. When one is "?Br and the other is 8!Br, m/z for the molecular ion is 
236. When both bromines are 9! Br, m/z for the molecular ion is 238. 


(d) The combinations of 35С1, 37С1, 7УВг, and 9! Br in p-bromochlorobenzene and the values of m/z for the 
corresponding molecular ion are as shown. 


Cc, Br) тус =190 
(та, ?вг) ог Pcl, Вг) туг = 192 
Са, В m/z =194 


13.28 The base peak in the mass spectrum of alkylbenzenes corresponds to carbon-carbon bond cleavage 
at the benzylic carbon. 


сна 
сн СН: сн mu “сӣ 


Oo д. 


Base peak: CoH) \* Base peak: CgHg* Base peak: Сон)" 
míz 119 miz 105 míz 119 


13.29 The base peak in each spectrum is the benzylic ion, which rearranges to a tropylium ion. This ion has m/z 
169/171 in the case of 1-bromo-4-propylbenzene due to the presence of bromine, so the lower spectrum 
is for this compound. The top spectrum with a base peak of m/z 91 for the unsubstituted tropylium ion is for 
(3-bromopropyl)benzene. 
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13.30 (b) 


(c) 


(d) 


Br 


+ СН * CH3 


m/z 91 
m/z 169/171 


The index of hydrogen deficiency is given by the following formula: 
Хх 1 
Index of hydrogen deficiency = план? -C,H,) 
The compound given contains eight carbons (C; H3); therefore, 


Index of hydrogen deficiency = ~ Сани – Са) 
=5 


The problem specifies that the compound consumes 2 moles of hydrogen, and so it coutains two double 
bonds (or one triple bond). Because the index of hydrogen deficiency is equal to 5, there must be three 
rings. 


Chlorine substituents are equivalent to hydrogens when calculating the index of hydrogen deficiency. 
Therefore, consider CgHgCl, as equivalent to СН о. Thus, the index of hydrogen deficiency of this 


compound is 4. 
Jndex of hydrogen deficiency — Сана – Са Н 0) 
=4 


Because the compound consumes 2 moles of hydrogen on catalytic hydrogenation, it must 
therefore contain two rings. 


Oxygen atoms are ignored when calculating the index of hydrogen deficiency. Thus, СзНзО is treated as 
if ir were СУН: 
Index of hydrogen deficiency — (СУН -C,Hg) 
=5 


Because the prohlem specifies that 2 moles of hydrogen is consumed on catalytic hydrogenation, this 
compound contains three rings, 
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(е) Ignoring the oxygen atoms in СН 00), we treat this compound as if it were С.Н. 
ra _1 
Index of hydrogen deficiency = 5 (СвНів CHo) 
=4 
Because 2 moles of hydrogen is consumed on catalytic hydrogenation, there must be two rings. 


(f) Ignore the oxygen, and treat the chlorine as if it were hydrogen. Thus, CgHgCiO is treated as if it were 
СН о. Its index of hydrogen deficiency is 4, and it contains two rings. 


(2) With nitrogen present, one hydrogen is taken away from the formula. So C,H5N is treated as if it were 
С.Н 
эм 


Index of hydrogen deficiency = сун, — CH,) 
=2 


Because the compound consumes 2 moles of hydrogen on catalytic hydrogenation, it must contain two 
double bonds (or one triple bond) and cannot therefore contain a ring. 


(h) With nitrogen present, one hydrogen is taken away from the formula. So С,НАМ is treated as if it were 
С.Н. 
Index of hydrogen deficiency = С Ар - C4H4) 
=3 


Because the compound consumes 2 moles of hydrogen on catalytic hydrogenation, it must contain two 
double bonds (or one triple bond) and one ring. 


13.31 Because each compound exhibits only a single peak in its ЇН NMR spectrum, all the hydrogens are 
equivalent in each one. Structures are assigned on the basis of their molecular formulas and chemical shifts. 


(a) This compound has the molecular formula CgH;g and so must be an alkane. The 18 hydrogens (6 0.9) 
are contributed by six equivalent methyl groups. 


(CH,),CC(CH,), 
2,2,3,3-Tetramethylbutane 


(b) A hydrocarbon with the molecular formula CH, has an index of hydrogen deficiency of 1 and so is 
either a cycloalkane or an alkene. Because all ten hydrogens (6 1.5) are equivalent, this compound must 


be cyclopentane. 


Cyclopentane 
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(c) The chemical shift of the eight equivalent hydrogens in CgHg is 6 5.8, which is consistent with protons 
attached to a carbon-carbon double bond. 


1,3,5,7-Cyclooctatetraene 


(d) The compound C,HgBr has no rings or double bonds. The nine hydrogens (6 1.8) belong to three 
equivalent methy! groups. 


(CH,),CBr 
tert-Butyl bromide 


(e) The dichloride has no rings or double bonds (index of hydrogen deficiency = 0). The four equivalent 
hydrogens (6 3.7) are present as two — СНС groups. Remember that equivalent protons on adjacent 


carbons do not couple. 
CICH4CH, CI 
1,2-Dichloroethane 
(f) All three hydrogens (д 2.7) in C,H3Cl, must be part of the same methyl group in order to be equivalent. 
CH 3CCl, 
1,1,1-Trichloroethane 


(g) Tbis compound has no rings or double bonds. To have eight equivalent hydrogens (6 3.7) it must have 
four equivalent methylene groups. у 


CHCl 
CICH;CCH;CI 
СНС] 


1,3-Dichloro-2,2-di(chloromethy!)propane 


(А) A compound with a molecular formula of СНз has an index of hydrogen deficiency of 4, A likely 
candidate for a compound with 18 equivalent hydrogens is one with six equivalent CH4 groups. 
Thus, 6 of the 12 carbons belong to CH, groups, and the other 6 have no hydrogens. The compound is 
hexamethylbenzene. 


CH; 
НС CH; 


HAC CH; 
CH; 


A chemical shift of 8 2.2 is consistent with the fact that all of the protons are benzylic hydrogens. 
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13.32 (a) 


(b) 


(c 


= 


(d) 
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The molecular formula of C,H,Br, tells us that the compound has no double bonds and no rings. 


АН six hydrogens ($ 2.6) are equivalent, indicating two equivalent methyl groups. The compound is 
2,2-dibromopropane, (СНз)›СВго. 


A five-proton signal at 6 7.1 indicates a monosubstituted aromatic ring. With an index of hydrogen 
deficiency of 4, СУН | contains this monosubstituted aromatic ring and no other rings or multiple bonds. 


The triplet-quartet pattern at high field suggests an ethyl group. 


Я 


Quartet Triplet 
6 2.6 812 


Ethylbenzene 


The index of hydrogen deficiency of 4 and the five-proton multiplet at 6 7.0 to 7.5 are accommodated by 
a monosubstituted aromatic ring. The remaining four carbons and nine hydrogens are most reasonably a 
tert-butyl group, because all nine hydrogens are equivalent. 


{Уве 
\ 


Singlet; 6 1.3 
tert-Butylbenzene 


Its molecular formula requires that СЕН уд be an alkane, The doublet-septet pattern is consistent with an 
isopropyl group, and the total number of protons requires that two of these groups be present. 


(CH43;CHCH(CH3); 
Doublet Septet 
60.8 514 


2,3-Dimethylbutane 


Note that the methine (CH) protons do not split each other, because they are equivalent and have the 
same chemical shift. 


The molecular formula CcH,» requires the presence of one double bond or ring. А peak at 6 5.1 is 
consistent with —С=СН, and so the compound is a noncyelic alkene. The vinyl proton gives a triplet 
signal, and so the group С=СНСН, is present. The ЇН NMR spectrum shows the presence of the 


following structural units: 
H -———— 65.1 (Triplet) 
CH; -———- 82.0 (Allylic) | 
CH;CH; «——— 60.9 (Triplet) 
CH, -— — 61.6 (Singlet; allylic) 


СН: 4— — 817 (Singlet; allylic) 
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Putting all these fragments together yields a unique structure. 


Singlet Triplet 


~ / 
ХЕС 
ЊЕ CHCH; 


Singlet Pentet Triplet 


2-Methyl-2-pentene 


(e) The compound C,H,Cl, contains no double bonds or rings. There are no high-field peaks 
(5 0.5 to 1.5), and so there are no methyl groups. At least one chlorine substituent must therefore 
be at each end of the chain. The most likely structure has the four chlorines divided into two 
groups of two. 


CLCHCH;CH;CHCl, 
64.6 53.9 
(Triplet) (Doublet) 


1,1,4,4-Tetrachtorobutane 


(Ӯ 


~ 


The molecular formula C,H,Cl, indicates the presence of one double bond or ring. A signal at 


8 5.7 is consistent with a proton attached to a doubly bonded carbon. The following structural 
units are present: 


Н —— 57 (Triplet) 


C=CCH3 ~— 2.2 (Allylic) 


For the metbyl group to appear as a singlet and the methylene group to appear as a doublet, 
the chlorine substituents must be distributed as shown: 


Singlet 


H3C, 
+= СНСН»С1 
Cl 
Triplet Doublet (8 4.1) 


1,3-Dichloro-2-butene 
The stereochemistry of the double bond (E or Z) is not revealed by the ІН NMR spectrum. 


(<) A molecular formula of C4H;CIO is consistent with the absence of rings and multiple bonds 

— (index of hydrogen deficiency = 0). None of the signals is equivalent to three protons, and so 
no methyl groups are present. Three methylene groups occur, all of whicb are different from one another. 
The compound is therefore 


CICH,CH,CH,0H 
T § 2.8 (Singlet) 
83.7 or 3.8 63.7 or 3.8 
(Triple) 8620 (Triplet) 


(Pentet) 
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(h) The compound has a molecular formula of C,4H,4 and an index of hydrogen deficiency of 8. With a 


ten-proton signal at 6 7.1, a logical conclusion is that there are two monosubstituted benzene rings. The 
other four protons belong to two equivalent methylene groups. 


О-= О 


$ 2.9 (Singlet; benzylic) 
1,2-Diphenylethane 


13.33 The compounds of molecular formula С„НоС are the isomeric chlorides: n-butyl, isobutyl, 
sec-butyl, and tert-butyl chloride. 


(а) Ali nine methyl protons of tert-butyl chloride (CH4)4CCl are equivalent; its ІН NMR spectrum has only 
one peak. 


(b) A douhlet at 6 3.4 indicates a —-CH>CI group attached to a carbon that bears a single proton. 


(CH3)5;CHCH;CI 
6 3.4 (Doublet) 


Isobutyl chloride 


(c) A triplet at б 3.5 means that a methylene group is attached to the carbon that bears the chlorine. 


CH;CH5CH;CH;CI 
$ 3.5 (Triplet) 


n-Butyl chloride 


(d) This compound has two nonequivalent methyl groups. 


815 51.0 
(Doublet) (Triplet) 


CH;CHCH;CH; 
Cl 


sec-Butyl chloride 
13.34 Compounds with the molecular formula C,H,Br have either one ring ог one double bond. 


(a) The two peaks at б 5.4 and 5.6 have chemical shifts consistent with the assumption that each peak is due 
to a vinyl proton ( C CH ). The remaining three protons belong to an allylic methyl group (6 2.3). 
The compound cannot be CH;CH=CHBr, because the methyl signal would be split into a doublet. 


Isomer A can only be 
CH; 


/ 
H;C-— C. 
Br 


2-Bromopropene 
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(b) Two of the carbons of isomer В have chemical shifts characteristic of sp*-hybridized carbon. 
One of these bears two protons (6 118.8); the other bears one proton (6 134.2). The remaining 
carbon is sp?-hybridized and bears two hydrogens. Isomer В is allyl bromide. 


H C=CHCH;Br 
$1188 81342 8 32.6 


Allyl bromide 


(c) All the carbons are sp?-hybridized in this isomer. Two of the carbons belong to equivalent СН, groups, 
and the other bears only one hydrogen. Isomer C is cyclopropyl bromide. 


H 
eem 
812.0 DK 


8 16.8 


Cyclopropy! bromide 
13.35 АН these compounds have the molecular formula САН, gO. They have neither multiple bonds nor rings. 


(a) Two equivalent CH, groups occur at 8 18.9. One carhon bears a single hydrogen. The least shielded 


carbon, presumably the one bonded to oxygen, has two hydrogen substituents. Putting all the information 
together reveals this compound to be isobutyl alcohol. 


(CH4CHCH;OH 


6 18.9 6 30.8 6 69.4 


Isobutyl aicohol 


(b) This compound has four distinct peaks, and so none of the four carbons is equivalent to any of the others. The 
signal for the least shielded carbon represents CH, and so the oxygen is attached to a secondary carbon. Only 
one carbon appears at low field; the compound is an alcohol, not an ether. Therefore 


8692 


CH3CHCH;CHs 
E ud 


8227 OH 8 10.0 
8 32.0 


sec-Butyl alcohol 


(c) Signals for three equivalent CH, carbons indicate that this isomer is tert-butyl alcohol. This assignment 
is reinforced by the observation that the least shielded carbon has no hydrogens attached to it. 


(CH3)3COH 


8312 ô 68.9 


tert-Butyl alcohol 
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13.36 Each of the carbons in the compound gives its IC NMR signal at relatively low field; it is likely that 
each one bears an electron-withdrawing substituent. The compound is 


$720 
CICH;CHCH90H 
ee i 
546.8 ОН 6 63.5 


3-Chioro-1,2-propanediol 
The isomeric compound 2-chloro-1,3-propanediol 


HOCH CHEH OE 
Cl 


cannot be correct. The C-1 and С-3 positions are equivalent; the 13С NMR spectrum of tbis compound 
exhibits only two peaks, not three. 


13.37 (a) There are seven nonequivalent carbons. Carbons marked 4 and 4’, 5 and 5', 7 and 7’ are all 
equivalent. 


(b) All ten carbons in this compound are nonequivalent. 


10 
CH;0 45 
1 2 3 
СЊОС 6 
8 7 
OCH; 
9 


(c) There are three nonequivalent carbons in this cyclohexane. Three mirror planes point to the 
equivalency of the carbons. A mirror plane through carbons 1’, 2”, and 3" reflects carbons 2, 2’, 3, 3', 
and 1, 1”. A mirror plane through carbons 1”, 2, and 3 reflects 1, 1’, 2’, 2”, and 3’, 3”. A mirror plane 
through carbons 1, 2’, and 3’ reflects 1’, 1", 2, 2", and 3, 3". 


Thus, carbons marked 1, 1’, and 1” are equivalent. Those marked 2, 2’, and 2” аге 
equivalent; and those marked 3, 3’, and 3” are equivalent. 


Н.С 3 2 


c e ce 
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(d) There are six nonequivalent carbons in this cyclohexane. A mirror plane through carbons 1, 4, 
and 6 indicate the equivalence of 2, 2'; 3, 3’; and 5, 5’. 
Н.С НзСах 
5 
CH; 
CH, 


13.38 The hydrogens bonded to the sp? carbon in the five-membered ring of fluorene are relatively acidic. 
The reason for this can be seen by realizing that the central ring of fluorene resembles cyclopentadiene, 
and recalling from text Chapter 11 (Section 11.21) that cyclopentadiene can lose a proton to form a stable 


aromatic ion. 


H H H H H 


Fluorene Cyclopentadiene Cyclopentadienyl 
anion (aromatic) 


Fluorene is even more acidic than cyclopentadiene because its conjugate base is not only an aromatic anion, 
but it is stabilized by benzylic conjugation with the two benzene rings. A strong base such as МаОСНз can 


thus readily remove a proton from flnorene. Reprotonation in the presence of CH 40D results in exchange of 


the protons (Н) with deuterinm (Н =D). 


due 


Dl VH 


D—O0CH, 
^NaOCH, 


13.39 The most deshielded signal is for H,, and it shows both the larger trans coupling (J, ,) and the smaller cis 
coupling (2, „). The geminal J, , coupling is nearly zero in this system, so there are only the two vicinal 
couplings that are observed. The value of J, , is 16.4 Hz and the value of J, , is 9.6 Hz. 


H, 
| ја 
H, 
Hg Jac Jab Jac 
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13.40 Here are the structures for the four spectra, and some explanation. 


13.41 


(у P (b) D (c) ( в 
н a ӨН OH 
A BC 
— CHCHCHS HOCH;CHCHs H34C—C— CH; 
1-Phenyl-1-propanol 1-Phenyl-2-propanol 2-Рћепу!-1-ргорапо! 2-Phenyl-2-propanol 


The first spectrum corresponds to 1-phenyl-1-propanol. The triplet at about 4.5 ppm corresponds to the 
proton (labeled A) attached to the benzylic carbon, which also has the hydroxyl group. It is split into a triplet 
by the adjacent CH». The triplet at about 0.9 ppm integrating for three protons is the CH, group. The complex 


pattern integrating for two protons at 1.7 ppm corresponds to the СН, group (labeled B). The splitting is due 
to the presence of the chirality center (benzylic carbon), so the two CH, protons are not chemical shift 


equivalent (they are diastereotopic). They split each other and are further split by protons labeled 1 and 3. 
The hydroxyl group proton is at 2.4 ppm. 

The second spectrum is for 1-phenyl-2-propanol. The upfield doublet at about 1.2 ppm is the methyl 
group (labeled C) and the singlet at about 1.95 ppm is the hydroxyl group proton (labeled D). The eight-line 
pattern centered at about 2.7 ppm corresponds to the two benzylic protons (labeled A). Due to the adjacent 
chirality center, these two protons are not chemical shift equivalent (they are diastereotopic), they split 
one another, and each signal is further split by the adjacent methine proton (labeled B). The multiplet 
centercd at about 3.97 is the methine proton (B), which is deshielded because the carbon has the hydroxyl 
group attached to it. 

The third spectrum is that of 2-phenyl-1-propanol. Again, the upfield doublet is for the methyl group 
(labeled C). The six-line pattern at about 2.9 ppm is for the metbine proton labeled B. It has five 
nonequivalent neighbors where the coupling to the CH, protons is about the same as the coupling to the CH, 
protons. The doublet at about 3.62 ppm is for the protons labeled A. There is some additional splitting in this 
doublet that could be duc to these being diastereotopic protons; they could also be coupling with 
the hydroxyl group proton. 

The last and simplest spectrum matches 2-phenyl-2-propanol. The six methyl group protons (labeled А) 
are chemical shift equivalent and not split because the adjacent carbon has no protons. The broad singlet is 
the hydroxyl group proton. 


Compounds A and В (С ‚09 д) have an index of hydrogen deficiency of 4. Both have peaks in the 


5 130—140 range of their ІС NMR spectra, so that the index of hydrogen deficiency can be accommodated 
by a benzene ring. 

The ЗС NMR spectrum of compound A shows only a single peak in the upfield region, at 6 20. Thus, 
the four remaining carbons, after accounting for the benzene ring, are four equivalent methyl groups. 
The benzene ring is symmetrically substituted as there are only two signals in the aromatic region at 6 132 
and 135. Compound A is 1,2,4,5-tetramethylbenzene. 


HC сњ 
8132 ~ on 8 135 
HC — CH 


1,2,4,5- Tetramethylbenzene 
(compound A) 
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In compound B the four methyl groups are divided into two pairs. Three different carbons occur in the 
benzene ring, as noted by the appearance of three signals in the aromatic region (6 128—135). Compound B is 
1,2,3,4-tetramethylbenzene. 


6 128 


нс CH, 
8 134, jacet A 
lt 16, 21 


1,2,3,4- Tetramethylbenzene 
(compound B) 


13.42 A hydrocarbon having a molecular ion, м’, at m/z 102 has a molecular formula of СаНе. This formula 
corresponds to an index of hydrogen deficiency of 6, suggesting the presence of a репу! group (CcH;) 
accounting for three double bonds and one ring. Infrared absorptions due to sp? C-H stretching can be seen 
in text Figure 13.50 at 3000 cm". 

The remaining atoms of the formula (C,H) suggest an alkyne sidechain. The infrared spectrum supports 
this observation with absorptions at 2100 ст“! (C=C stretching) and 3300 ст“! (sp C-H stretching). The 


compound is phenylacetylene. 


Phenylacetylene 
13.43 Because the compound has a five-proton signal at б 7.4 and an index of hydrogen deficiency of 4, we 
conclude that six of its eight carbons belong to a monosubstituted benzene ring. The IR spectrum exhibits 
absorption at 3300 cm-, indicating the presence of a hydroxyl group. The compound is an alcohol. A three- 
proton doublet at б 1.6, along with a one-proton quartet at 6 4.9, suggests the presence of a CH4CH unit. The 
compound is 1-phenylethanol. 
54.9 


(Quartet) — 
Н 


| 81.6 
874 у ~~ (Doublet) 


OH 
SS 842 


(Singlet) 


1-Phenylethanol 


13.44 The peak at highest m/z in the mass spectrum of the compound m/z = 134; this is likely to correspond to the 
molecular ion. Among the possible molecular formulas, С) На correlates best with the information from the н 


NMR spectrum. What is evident is that there is a signal due to aromatic protons, as well as a triplet-quartet pattern 
of an ethyl group. A molecular formula of Cj5H,4 suggests a benzene ring that bears two ethyl groups. Because 


the si ignal for the aryl protons is so sharp, they are probably equivalent. The compound is p-diethylbenzene. 


CH3CH) CH,CH; 
812 | 
(Singe) ”Н 827 813 


(Quartet) (Triplet) 


p-Diethylbenzene 


That the benzene ring is para substituted is supported by the band at 820 cm! in the infrared spectrum. 
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CH; 
p 
(а) BrCH9CHo9CH;CH;CH; (b) BrCH;CH;CH(CH3); (c) CH;CCH;CHs (d) CH;CH;CHCH;CH; 
Br Br 
1-Вготорешапе 1-Bromo-3-methylbutane 2-Bromo-2-methylbutane 3-Bromopentane 


The first spectrum is for 1-bromopentane. АЙ Нуе carbons are nonequivalent, so five signals are observed. 
The second spectrum is for 1-bromo-3-methylbutane. Four signals are observed because the methyl 
groups are chemical shift equivalent. The carbon attached to bromine is downfield at 40 ppm. 


The third spectrum is for 2-bromo-2-methylbutane. it is the only isomer with a carbon that has no 
protons attached. This carbon, at about 67 ppm, has bromine attached to it. 


The fourth spectrum is 3-bromopentane. Due to the symmetry in this molecule, there are only three 
nonequivalent carbons. The methane carbon at about 62 ppm bas bromine attached to it. 


There is a prominent peak in the IR spectrum of the compound near 1700 cm-, characteristic of C=O stretching 
vibrations. The ІН NMR spectrum shows only two sets of signals, a triplet at б 1.1 and a quartet at 8 2.4. The 
compound contains a CH4CH, group as its only protons. Its 13C NMR spectrum has three peaks, one of which is 


at very low field. The signal at 8 211 is in the region characteristic of carbons of C=O groups. If one assumes 
that the compound contains only carbon, hydrogen, and one oxygen atom and that the peak at highest m/z in its 
mass spectrum m/z = 86 corresponds to the molecular ion, then the compound has the molecular formula С;Н `0. 


All the information points to the conclusion that tbe compound is 3-pentanone. 


|| 
CH3CH;CCH;CH; 
3-Pentanone 


[24]Annulene is expected to be antiaromatic because the number of x electrons equals 47, not the 4n + 2 
required for aromaticity according to Hückel's rule. As shown in text Figure 13.105, the outer protons are 
expected to be more shielded in a compound that is antiaromatic. 


H H 


Outer H Inner 
protons protons 
H 


H H 


[24]Annulene 


(a) The nuclear spin of !9F is +5, that is, the same as that of a proton. The splitting rules for FH 


couplings are the same as those for ІН-ІН, Thus, the single fluorine atom of CHF splits the signal for 
the protons of the methyl group into a doublet. 


(b) The set of three equivalent protons of CH4F splits the signal for fluorine into a quartet. 
3! Sp 
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(c) The proton signal in CH4F is a doublet centered at 4.3. The separation between the two halves of this 


doublet is 45 Hz, which is equivalent to 0.225 ppm at 200 MHz (200 Hz = 1 ppm). Thus, one line of the 
doublet appears at 6 (4.3 + 0.225) and the other at 6 (4.3 — 0.225). 


843 


45 Hz 
84.525 64.075 


13.49 Because ?!P has a spin of 2: it is capable of splitting the ІН NMR signal of protons in the same molecule. 


The problem stipulates that the methyl protons are coupled through three bonds to phosphorus in trimethyl 
phosphite. 


„ОСН; 
CH30—P 
OCH; 


(a) The reciprocity of splitting requires that the protons split the ЗІр signal of phosphorus. There are nine 
equivalent protons, and so the 31Р signal is split into ten peaks. 


(b) Each peak in the ?!P multiplet is separated from the next by a value equal to the 'Н-З!Р coupling 
constant of 12 Hz. There are nine such intervals in a ten-line multiplet, and so the separation is 
108 Hz between the highest and lowest field peaks in the multiplet. 


13.50 The trans and cis isomers of 1-bromo-4-fert-butylcyclohexane can be taken as models to estimate the 
chemical shift of the proton of the CHBr group when it is axial and equatorial, respectively, in the two chair 
conformations of bromocyclohexane. An axial proton is more shielded (6 3.81 for trans-t-bromo-4-tert- 
butylcyclohexane) than an equatorial one (6 4.62 for cis-1-bromo-4-tert-butylcyclohexane). 


54.62 А 
Вг H = 83.95 
H Br B 
(CH3)3C (СНС ~ 
cis-1-Bromo-4-tert-butylcyclohexane; trans-1-Bromo-4-tert-butylcyclohexane; Bromocyclohexane 


less shielded more shielded 


The difference in chemical shift between these stereoisomers is 0.81 ppm. The corresponding proton 
in bromocyclohexane is 0.67 ppm more shielded than the equatorial proton in cis- 1-bromo-4-fert- 


butylcyclohexane. The proportion of bromocyclohexane that has an axial hydrogen is therefore oo 


or 83%, For bromocyclohexane, 83% of the molecules have an equatorial bromine, and 17% have an axial 
bromine. 


13.51 The answer is methyl 4-bromocrotonaie. 


BrCH, H 
& , 
CP 
H с осн; 


The two vinyl proton resonances in the 'H NMR spectrum show coupling to each other. The signal at 
6.04 ppm is for the proton on the carbon next to the ester carbonyl. It shows a large coupling (to the other 
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vinyl proton) and a small, allylic coupling to the CH, protons. The signal at 3.8 ppm is for the protons on the 
carbon attached to bromine and the singlet at about 3.6 ppm is for the OCH, group. 

In the '3C spectrum, all carbons are non-equivalent, so a signal is observed for each. Each vinylic carbon 
has one proton attached according to the DEPT analysis. The carbon with the bromine is upfield of the 
methyl group carbon that is attached to the oxygen of the ester. 

The IR spectrum shows a strong absorption in the carbonyl region, and the mass spectrum shows a base 
peak at m/z 147/149 corresponding to the acylium ion formed by loss of OCH, from the molecular ion and 
still containing bromine. 

BrCH; H 


ё 

Реб m/z 147/149 
EE 

O+ 


13.52 The observed doublet of doublets in the aryl proton region integrating for four protons suggests a para- 
disubstituted benzene ring 


X 


Y 


The singlet at 4.8 ppm integrates for two protons and is in the chemical shift region that suggests the 
carbon is attached to an electronegative element such as oxygen, 
The large broad peak at 3600 ст“! in the IR spectrum is for a hydroxyl group, so the molecule likely 


contains a CH,OH group. The IR spectrum also shows two very strong peaks at about 1350 and 1500 cm!, 
suggesting a nitro group. The answer is p-nitrobenzyl alcohol. 


CHOH 


NO; 


13.53 The Friedel-Crafts reaction would be expected to give two possible products based on what we know 
about this reaction from Section 12.6. The two products are butylbenzene and sec-butylbenzene 


e 
CH;CH;CH;CH CHCH;CH 
3 3 


Butylbenzene sec-Butylbenzene 


Of the two, sec-butylbenzene matches both the ЇН NMR and !?C NMR data, while butylbenzene does not. 
Only sec-butyibenzene has two methyl groups, which is evident from hoth NMR spectra. In the ЇН NMR, 
these methyl groups appear at 1.2 ppm as a doublet and at 0.9 ppm as a triplet. In addition, sec-butylbenzene 
has a CH group, which is again observed in both spectra. 


CHAPTER 13: Spectroscopy 395 
ANSWERS TO INTERPRETIVE PROBLEMS 
13.54C; 13.55 A; 13.56 C; 13.57 C; 13.58 B; 13.59 A; 13.60 B; 1361 B 


SELF-TEST 


1. Complete the following table relating to 'H NMR spectra by supplying the missing data. 


Spectrometer Chemical shift 
frequency 
ppm Hz 
(a) 60 MHz = 336 
(b) 300 MHz 4.35 mr 
(c) 3 3.50 700 
(d) 100 MHz 4 of TMS 


2. Indicate the number of signals to be expected and the multiplicity of each in the 'H NMR spectrum of each of 
the following substances: 


CI 
| H 
(a) BrCH 2CH2CH2Br (b) СНОВИ ОНА (c) CH30CH2COCH3 
Cl 
3. Two isomeric compounds having the molecular formula CgH ,5O» both gave ІН NMR spectra consisting of 


only two singlets. Given the chemical shifts and integrations shown, identify both compounds. 


Compound A: 6 1.45 (9H) Compound B: 6 1.20 (9H) 
6 1.95 (3H) 6 3.70 (ЗН) 


4, Identify each of the following compounds on the basis of the IR and ІН NMR information provided. 


(a) CyoH 120: IR: 1710 ст“ 
NMR: 61.0 (triplet, ЗН) 
6 2.4 (quartet, 2H) 
6 3.7 (singlet, 2H) 
6 7.2 (singlet, 5H) 


(b) CgHi403: IR: 3400cm^! 
NMR: 61 (singlet, 12H) 
6 2.0 (broad singlet, 2H) 


(©) CioHisO6: IR: 1740 em! 
NMR: 61.3 (triplet, 9H) 
54.2 (quartet, 6H) 
6 4.4 (singlet, 1H) 
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(d) СНО: ІВ: 2240 cm! 


3400 сте“! (broad) 
NMR: 61.65 (singlet, GH) 
$ 3.7 (singlet, ІН) 


5. Predict the number of signals and their approximate chemical shifts in the 13С NMR spectrum 


of the compound shown, 
i 
=“ 


6. Ном many signals will appear in the ЗС NMR spectrum of each of the three C,H,» isomers? 


7. The PC NMR spectrum of an alkane of molecular formula C,H, , exhibits two signals at 5 23 
(4C) and 6 37 (2C). What is the structure of this alkane? 


CHAPTER 14 


Organometallic Compounds 


SOLUTIONS TO TEXT PROBLEMS 


141 (b) Magnesium bears a cyclohexyl substituent and a chlorine. Chlorine is named as an anion. 
The compound is cyclohexyimagnesium chloride. 


14.2 (b) The alkyl bromide precursor to sec-butyllithium must be sec-butyl bromide. 


CH,CHCH;CH, + 214 CHICHCH,CH, + LiBr 


Br Li 
2-Bromobutane 1-Methylpropyllithium 
(sec-butyl bromide) (sec-butyllithium) 


14.3 (b) Allyl chloride is converted to allylmagnesium chloride on reaction with magnesium. 


H3C-—CHCH;CI H4C—CHCH;MgCI 


па MES — 
diethyl ether 


Allyt chloride Allylmagnesium chloride 


(c) The carbon-iodine bond of iodocyclobutane is replaced by a carbon-magnesium bond in the Grignard 


reagent. 
I Mel 
Cate О 
diethyl ether 
Iodocyclobutane Cyclobutylmagnestum 
iodide 
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(d) Bromine is attached to an sp?-hybridized carbon in 1-bromocyclohexene. The product of its reaction 
with magnesium has a carbon-magnesium bond in place of the carbon-bromine bond. 


Br MgBr 
EN Ne 
CY diethyl ether CY 


| -Bromocyclohexene 1-Cyclohexenylmagnesium 
bromide 


14.4 Proton transfer from water to an organometallic compound is a rapid process. 


CH3CH,CH,CH; + L? ЗОН 


5 A. 
CH CHC TD + H—OH 
5,Li 


Butyllithium Water Butane Lithium 
hydroxide 


Methyl alcohol will also transfer a proton quantitatively to an organometallic compound. 


xum A, ... + 
xe а + CHO? *MgBr 


Рћепу тарпев шп Methanol Benzene Methoxymagnesium 
bromide bromide 


14.5 (a) The Bronsted-acid-base reaction involves transfer of the N—H proton of diisopropylamine to 
hutyllithium. 
KCH3o CHEN TH + :CH?2CH2CH;2CH; — КСНз)2СН}М№: + CH3CH2CH2CH; 


Diisopropylamine Butyllithium LDA Butane 
(acid) (base) (conjugate base) (conjugate acid) 


(b) As described in Chapter 1, the equilibrium constant can be calculated from the ratio of the two K,’s of 
the acids (see Problem 1.71). The K,’s can be obtained from the pK, sin Table 14.1. The pK, of ethane 
can be used to approximate that of butane. Taking the ratio of the acid and conjugate acid K,'s gives ће 
equilibrium constant. 


Ky ©” _ 
[(CH43;CHEN—H + :CH5CH5CH;CH4 mE [(CH3)2CH]2N > + CH3CH,CH,CH3 
Acid Base Conjugate base Conjugate acid 
pK, = 36 pK, = 62 


_ K,(acid) ig Oe 
9 K,(conjugate acid) 10762 


14.6 (b) Propylmagnesium bromide reacts with benzaldehyde by addition to the carbonyl group. 
CH3CH;CH;-—MgBr 


CH;CE;CH; 

; + 

сенс Lo Dueh. CeH«C- OMgBr m CoHsCHCH,CH2CH; 
H H OH 


Benzaldehyde 1-Phenyl-1-butanol 


CHAPTER 14: Organometallic Compounds 399 


(c) Tertiary alcohols result from the reaction of Grignard reagents and ketones. 


1. diethyl ether CH;CH;CH; 
CH3CH;CH;MgBr + О umo ^" OH 


Cyclohexanone 1-Propylcyclohexanol 
(d) The starting material is a ketone and so it reacts with a Grignard reagent to give a tertiary alcohol. 


CH3CH;CH;—MgBr 


Н.С CH;CH2ÇH2 СВ 
3 А a + 
Jb see: dpocsceOMsBp = CH;CH;CH;COH 
СНзСН? CH3CH2 CH5;CH; 
Propylmagnesium bromide 3-Methyl-3-hexanol 


+ 2-butanone 


14.7 Ethyl anion reacts as a Bronsted base to remove a proton from the alkyne. The proton at C-1 is removed 
because it is the most acidic, having a pK, of approximately 26. 


io ~“ = 
CH4CH; + H-—CzCCH;CH;CH;CH; CHCH; + :CZCCH;CH;CH;CHs; 


Ethyl anion 1-Нехупе Ethane Conjugate base of 1-ћехупе 


14.8 (b) The target alcohol is tertiary and so is prepared by addition of a Grignard reagent to а ketone. 
The retrosynthetic transformations are 


oH 
4C—C-CH; 


Q H 
ССН; 25 үң 
СН» + CY <] E Ф + CH;CCH, 


Because two of the alky! groups on the hydroxyl-bearing carbon аге the same (methyl), only two, not 
three, different ketones are possible starting materials: 


О DH 
t 1. diethyl ether З 
CH3Mgl + Е 5 Hho" сев 
CH; 
Methylmagnesium Acetophenone 2-Phenyl-2-propanol 
iodide 
1. diethyl ether 
Е + CH4CCH; 2H —7 ВЕ 
CH; 
Phenylmagnesium Acetone 2-Phenyl-2-propanol 


bromide 
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14.9 (b) Of the three methyl groups of 1,3,3-trimethylcyclopentene, only the one connected to the double 
bond can be attached by way of an organocuprate reagent. Attachment of either of the other 
methyls would involve a tertiary carbon, a process that does not occur very efficiently. 


СНз у CH3 
А diethyl ether 
HORCH 7 1 БЕ T 


Br 


Lithium 1-Bromo-3,3- 1,3,3-Trimethylcyclopentene 
dimethylcuprate dimethyicyclopentene 


14.10 (6) Methylenecyclobutane is the appropriate precursor to the spirohexane shown. 


СН; 
СН 
me Zn(Cu), ether 


Methylenecyclobutane Spiro[3.2]hexane (22%) 


14.11 Iron has an atomic number of 26 and an electron configuration of [Аг]452346. Thus, it has eight valence 
electrons and requires ten more to satisfy the 18-electron rule. Five CO ligands, each providing two 
electrons, are therefore needed. The compound is Fe(CO)s. 


14.12 The chirality center in naproxen is introduced via enantioselective hydrogenation of a double bond. 
Therefore, retrosynthetically 


Сн, (Ha 
CHCO;H Coo 
CH30' б » » CH40^ @ e 


center 


14.13 Cross-metathesis exchanges doubly bonded carbons. The products can be deduced graphically. They are 
2-butene and 3-hexene. Both are mixtures of their cis and trans isomers. 


CH3CH ~ - -CHCH;CH5 CH4CH CHCH,CH; 
CH;CH==CHCH,CH; — | : — | + 
CH3CH arl -CHCH;CH; CH4CH CHCH5;CH; 
2-Pentene 2-Butene 3-Hexene 


14.14 The molecular formula of the product (Cy5H,;9NOz) differs from the starting material by C54 H4, which is 
the same as the molecular formula of ethylene. This suggests that ring-closing metathesis has occurred. 


о __СовСузуко-СнСав ES 
ОО CHCISC 7 N t Н С=СН; 


| 
PEN 
о ^осүснз), О ОС(СНај 
Cy7H23NO2 CysHigNO. Ethylene 
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x 


H Li 


14.15 (a) Cyclopentyllithium is 


It has a carbon-lithium bond, It satisfies the requirement for classification as an organometallic 
compound. 


(b) Ethoxymagnesium chloride does not have a carbon-metal bond. It is not an organometallic compound. 
CH;CH,OMgCl ог CH3CH;O' Ме СГ 


(c) 2-Phenylethylmagnesium iodide is an example of a Grignard reagent. It is an organometallic compound. 


Е 


(d) Lithium divinylcuprate has two vinyl groups bonded to copper. It is an organometallic compound. 


> 


Lit (Н›С=СН—Си—СН=СН,)) 


(e) Sodium carbonate, №,СОз, can Бе represented by the Lewis structure. 


б: 
Nat 10-C—0: № 


There is no carbon-metal bond, and sodium carbonate is not an organometallic compound, 


(Ff 


> 


Benzylpotassium is represented as 


Е ог ( у-ё, К" 


It has а carbon-potassium bond and thus is an organometallic compound. 


(g) The metal in lithium diisopropylamide (LDA) is bonded to nitrogen. Thus LDA is not an organometallic 
compound. 


(СНУ СНЫ: Li* 


LDA 


14.16 (a). Grignard reagents such as pentylmagnesium iodide are prepared by reaction of magnesium with the 
corresponding alkyl balide. 


diethyl ether 


CH4CH;CH;CH;CH;I + Mg CH3CH;CH3CH;CH;Mgl 


1-lodopentane Pentylmagnesium iodide 
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(b) Acetylenic Grignard reagents are normally prepared by reaction of a terminal alkyne with a readily 
availahle Grignard reagent such as an ethylmagnesium halide. The reaction that takes place is an 
acid—base reaction in which the terminal alkyne acts as a proton donor. 


diethyl ether 


CH4CH;CECH + CH34CH;MgI CH;CH,C=CMgl + CH;CH; 


1-Butyne Ethylmagnesium 1-Butynylmagnesium Ethane 
iodide iodide 


(c) Alkyllithiums are formed by reaction of lithium with an alkyl halide. 
CHa4CH;CH;CH;CHo5X + 2Li CH3CH;CH;CH;CH;Li + их 


1-Halopentane Pentyllithium 
(X-CL Br, or I) 


(d) Lithium dialkylcuprates arise by the reaction of an alkyllithium with a Соб) salt. 
J2CH4CH;CH;CH;CHui + Сах LiCu(CH;?CH;CH;CH;CH3) + LiX 


Pentyllithium, from part (c) (X = Cl, Br, or T) Lithium dipentylcuprate 


14.17 The polarity of a covalent bond increases with an increase in the electronegativity difference hetween the 
connected atoms. Carbon has an electronegativity of 2.5 (text Figure 14.1). Metals are less electronegative 
than carbon. When comparing two metals, the less electronegative (or more electropositive) one therefore has 
the more polar bond to carbon. 


(a) Text Figure 14.1 gives the electronegativity of lithium as 1.0, whereas that for aluminum is 1.5. The 
carbon-lithium bond in CH;CH,Li is more polar than the carbon-aluminum bond in (CH4CH54AI. 


(b) The electronegativity of magnesium (1.2) is less than that of zinc (1.6). (СНА Ме therefore has a more 
polar carbon—metal bond than (CH4),Zn. 


(c) In this part of tbe problem, two Grignard reagents are compared. Magnesium is the metal in both cases. - 
The difference is the hybridization state of carbon. The sp-hybridized carbon in HC=CMgBr is more 


electronegative than the sp?-hybridized carbon in CH,CH,MgBr, and HC=CMgBr has a more polar 
carbon-magnesium bond. 


diethyl ether 


14.18 (а) СЊСЊСЊВг + 2Li CH3CH2CH3Li + LiBr 


1-Bromopropane Propyllithium 
diethyl ether 
(b) CH3CH,CH,Br + Mg 7 "-  CH4CH;CH;MgBr 
1-Bromopropane Propylmagnesium bromide 


diethyl! ether 


(c) УН + 24 Снов + Lil 


І . Li 
2-Iodopropane Isopropyliithtum 
diethyl ether 
(4) СНЗСНСН + Mg a  CHCHCH; 
I Mel | 
2-iodopropane Isopropylmagnesium 


iodide 
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diethyl ether 


(е) 2CH4CH;CHjLi + Cul (CH4CH;CH;);CuLi 


PropyHithium Lithium dipropylcuprate 


(f) (CH43CH5CH;5Culi + CH4CH;CH;CH?Br CH3CH;CH;CH;CH;CH;CH4 


Lithium dipropyleuprate 1-Bromobutane Heptane 
I CH;CH4CH; 
(в) (СНзСН2СН) Сша + СТ HN CY 
Lithium dipropylcuprate Iodobenzene Propylbenzene 
020 
(ћ) CH4CH;CH;MgBr CI CH;CH;CH;D 
Propylmagnesium 1-Deuteriopropane 
bromide 
; D 
© CH;CHCH, x CH;CHCH; 
Li D 
Isopropyllithium 2-Deuteriopropane 
D 
А 1. diethyl ей 
() CH4CH;CHjLi + HCH Suo ыа CH;CH;CH;CH;0H 
Propyllithium 1 -Butanol 
| 
1. diethyl ether 
(k) CH3CH;CHoMgBr + {у Sung = {_У—снснсвн, 
OH 
Propylmagnesium Benzaldehyde {-Pheny]-1-butanol 
bromide 
1, diethyl ether 
(1) СВА + 2H “~ 
Li 
О (CH3),CH OH 
Isopropyllithium Cycloheptanone 1-Isopropylcycloheptanol 
OH 
|| 1. diethyl ether | 
(т)  CH3CHCH; u CH4CCH;CH5 2H,O* ^ CH;CH—CCH;CH; 
Isopropylmagnesium 2-Butanone 2,3-Dimethyl-3-pentanol 


iodide 


СНБ 


(п) H;C—CH(CHjsCHs уху diethyl ether 


H,C—CH(CH)sCHs 
CH; 


]-Octene |-Сусјоргорућехапе 
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а EM Е 
(о) их Zu(Cu), diethyl ether Та 
Н (CH2)6CH3 H (CH5)gCH; 
(E)-2-Decene trans- 1-Heptyl-2- 


methylcyclopropane 


СНзСН› (CH2)sCHy ÁN 
А CH;L 
(p) © E C. Zu(Cu), diethyl ether СНзСН» $ 2 (CH2)sCH3 
H H H H 
(Z)-3-Decene cis-1-Ethyl-2- 


hexyicyclopropane 


14.19 In the solutions to this problem, the Grignard reagent butylmagnesium bromide is used. In each case, the use 
of butyllithium would be equally satisfactory. 


(a) 1-Pentanol is a primary alcohol having one more carbon atom than 1-bromobutane. Retrosynthetic 
analysis suggests the reaction of a Grignard reagent with formaldehyde. 


CH3CH,CH,CH)+CH;0H E> CH4CH,CH;CH;MgX + H,C=O 
t-Pentanol Butylmagnesium halide Formaldehyde 


An appropriate synthetic scheme is 


о 
М, | H 
CH;CH;CH;CH;Br ушћа ^ CHiCH;CH;CH;MgBr 2 pr CH4CH;CH;CH;CH;0H 
1-Bromobutane ан 1-Pentanol 


(b) 2-Hexanol is a secondary alcohol having two more carbon atoms than 1-bromobutane. As revealed by 
retrosynthetic analysis, it may be prepared by reaction of etbanal (acetaldehyde) with butylmagnesium 
bromide. | | 


| 
CH3CHCH;CHy$ CHCH; =, CH,CH;CH;CH;MgX +  CH,CH 


OH 
2-Hexanol Butylmagnesium halide Ethanal 
(acetaldehyde) 
The correct reaction sequence is 
M 1. CH. s 
g ‚ CH, 
CH4CH;CH;CH;Br diethyl ether CHa4CH;CH;CH2MgBr 2. H0* ACH CECE НЕ 


OH 


t-Bromobutane Butylmagnesium bromide 2-Hexanol 


CHAPTER 14: Organometailic Compounds 405 


(c) I-Phenyl-1-pentanol is a secondary alcohol. Disconnection suggests that it can be prepared from 
butylmagnesium bromide and an aldehyde; benzaldehyde is the appropriate aldehyde. 


О 
| 
сњењенен с y i > CH,CH;CH;CH;MgX + {у 


OH 
1-Pheny!-1-pentanol Butylmagnesium halide Benzaldehyde 
i 
» 1. diethyl ether 
CH4CH5;CH;CH;MgBr + (У 2. Dg = ( J queneucuen, 
Butylmagnesium bromide Benzaldehyde 1-Pheny!-1-pentanol 


(d) 1-Butylcyclobutanol is a tertiary alcohol. The appropriate ketone is cyclobutanone. 


OH 


О 
| CH;CH;CH;CH; 
1. diethyl ether 
CH3;CH,CH,CH,MgBr_ + —_— 
2. H30 
Butylmagnesium bromide Cyclobutanone 1-Butylcyclobutanol 


14.20 In each part of this problem in which there is a change in the carbon skeleton, disconnect the phenyl group of 
the product to reveal the aldehyde or ketone precursor that reacts with the Grignard reagent derived from 
bromobenzene. Recall that reaction of a Grignard reagent with formaldehyde (H5C— O) yields a primary 
alcohol, reaction with an aldehyde (other than formaldehyde) yields a secondary alcohol, and reaction with a 
ketone yields a tertiary alcohol. 


(a) Conversion of bromobenzene to benzyl alcohol requires formation of the corresponding Grignard 
reagent and its reaction with formaldehyde. Retrosynthetically, this can be seen as 


"m = ez + HC-O 


Therefore, 
Br MgBr О CHOH 
Mg 1. HCH 
diethyl ether 2. H30* 
-...Bromobenzene Phenylmagnesium Benzyl alcohol... 


bromide 
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(b) The product is a secondary alcohol and is formed by reaction of phenylmagnesium bromide with 


ћехапа!. 

{0 

77 [> ( их + HC(CH;4CH; 
он 
1-Phenyl- 1-hexanol Phenylmagnesium Hexanal 
halide 
ОН 
MgBr 9 CHCH;CH;CH;CH;CH, 
CY + CH4CH;CH;CH;CH;CH "rr апа CY 
Phenylmagnesium Hexanal 1-Phenyl-1-hexanol 
bromide 


(c) The desired product is a secondary alkyl bromide. A reasonable synthesis would be to first prepare the 
analogous secondary alcohol by reaction of phenylmagnesium bromide with benzaldehyde, followed by 
a conversion of the alcohol to the bromide. Retrosynthetically, this can be seen as 


Br OH 


О 
| | i 
CHH;CH— CH; = CcHsCH3-CgHs [ CéHsMeX  C4H,CH 


1, diethyl eth HBr or РВ 
Ore CD um O = O00 
OH Br 


Phenylmagnesium Benzaldehyde Diphenylmethanoi Bromodiphenylmethane 
bromide 


(d) Tbe target molecule is a tertiary alcohol, which requires that phenylmagnesium bromide reacts with a 
ketone. By mentally disconnecting the phenyl group from the carbon that bears the hydroxyl group, we 
see that the appropriate ketone is 4-heptanone. 


OH О = 
| || 
CH4CH;CH;CCH;CH;CH; > CH4CH;CH;CCH;CH;CH, + Q 


4-Phenyl-4-heptanol 4-Heptanone 


The synthesis is therefore 


MgBr С ОН 
CY + CH4CH;CH;CCH;CH;CH3 а CH3CH;CH;CCH;CH;CH; 


Phenylmagnesiuin 4-Heptanone 4-Phenyl-4-heptanol 
bromide 
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(e) Reaction of phenylmagnesium bromide with cyclooctanone will give the desired tertiary alcohol. 


OH 
MgBr О 
т 1. diethy! ether 
2. H3O* 
Phenylmagnesium Cyclooctanone 1-Phenylcyciooctanol 


bromide 


(f) The 1-phenylcyclooctanol prepared in part (e) of this problem can be subjected to acid-catalyzed 
dehydration to give 1-phenylcyclooctene. Hydroboration-oxidation of 1-phenylcyclooctene gives 
trans-2-phenylcyclooctanol. 


OH 
H2804. heat J.BoHe _ 
=o 2. Н.О», НО“ 
H 


1-Phenyleyclooctanol 1-Phenylcyclooctene trans-2-Phenylcyclooctanol 


14.21 In these problems, the principles, of retrosynthetic analysis are applied. The alkyl groups attached to the 
carbon tbat bears the hydroxyl group are mentally disconnected to reveal tbe Grignard reagent and 
carbonyl compound. 

о о 


(а) n О лш 


5-Methyl-3-hexanol 


Er 


СИЗСНОМЕХ + HCCH;CH(CHj) CH,CH;CH + XMgCH;CH(CH3) 
O O 
Ethyl magnesium 3-Methylbutanal Propanal Isobutylmagnesium 
halide halide 
и) (2) 
(b) БСН OCH 
| 3 
OH 


1-Cyclopropyl-t-(p-anisyl)methanol 


[> мех + = <=“ CH + xw Soa. 
О 


О 


Cyclopropyl- p-Anisaldehyde Cyclopropane- p-Anisylmagnesium 
magnesium halide carbaldehyde halide 
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|| 
(c) (СНз) СНОН hl. (CHj.CMgX + HCH 


2,2-Dimethyl-1-propanol tert-Butylmagnesium Formaldehyde 
halide 
(0 Q) 
(d) (CH3),C=CHCH;CHy$ CHÈCH; 
OH 
“> 6-Methyl-5-hepten-2-01 v 
(CH3)2C=CHCH2CH3;Mgx + HOCH (CH3)yC=CHCH,CH2CH +  XMgCH; 
О 
4-Меһу!3-һехеп-1-у!тавпезїшї Ethanal 5-Methyl-4-hexenal Methylmagnesium 
halide halide 


(e) 


(0 
SOs АСУУ. `Сзмөх + Ды 
б) ш. [o> О 


4-Ethyl-4-octanol Propylmagnesium halide 3-Heptanone 


m e 


E dic XMg Fs + XIM Ом 
О | О 


3-Нехапопе Butylmagnesium 


4-Octanone Ethylmagnesium alide 


halide 


14.22 (a) Meparfynol is a tertiary alcohol and so can be prepared by addition of a carbanionic species to a ketone. 
Use the same reasoning that applies to the synthesis of alcohols from Grignard reagents. On mentally 
disconnecting one of the bonds to the carhon bearing the hydroxyl group 


Е о 
РА 
CH;CH,CC=CH С> снзСнС -СЕСН 
CH4 CH; 

we see that the addition of acetylide ion to 2-butanone will provide the target molecule. 

OH | 
= | 1. NH; b 
HC=CNa + CHCH CCH; 2. H0* CH CHC SEH 
СН. 
Sodium 2-Butanone Meparfynol (94%) 


acetylide 


The alternative, reaction of a Grignard reagent with an alkynyl ketone, is not acceptable in this case. The 
acidic terminal alkyne C—H would transfer a proton to the Grignard reagent. 
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(b) Diphepanol is a tertiary alcohol and so may be prepared by reaction of a Grignard or organolithium 
reagent with a ketone. Retrosynthetically, two possibilities seem reasonable: 


(H 


(catty COHN у m Са + cages у 


OH 
and 


e eo 
(CoHs),CCH-N > (б&Н);С=О + СНМ 
OH 


In principle, either strategy is acceptable; in practice, the one involving phenylmagnesium bromide 


is used. 
TE Durs 
CéHsMgBr + Ca CCH-N ao (Cds; CCH-N 
о OH 
Phenylmagnesium Diphepanol 
bromide 


(c) A reasonable last step in the synthesis of mestranol is the addition of sodium acetylide to the 
ketone shown. 


Shields top face 


Hc 9 


1. NaC=CH, NH3 
2, H0* 


CHO 


Mestranol 


Acetylide anion adds to the carbonyl from the less sterically hindered side. The methyl group shields the 
top face of the carbonyl, and so acetylide adds from the bottom. 


14.23 (a) The desired 1-deuteriobutane can be obtained by reaction of D5O with butyllithium or butylmagnesium 
bromide. 


CH3CH;CH35CHsLi + 1970) 
Butyllithium Deuterium 
oxide 
CH4CH;CH;CH;D 
1-Deuteriobutane 


CH3;CH,CH,CH,MgBr + DO 


Butylmagnesium 
bromide 
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Preparation of the organometallic compounds requires an alkyl bromide, which is synthesized from the 
corresponding alcohol. 


PB T3 


CH;CH;CH;CH;0H = 


CH4CH;CH;CHjBr 


1-Butanol 1-Bromobutane 


А Li Mg 
CH4CH;CH;CH;Li “diethyl ether CH4CH;CH;CH3;Br ‘diethyl ether CH3CH;CH;CH5MgBr 
Butyllithium 1-Bromobutane Butylmagnesium bromide 


(b) In a sequence identical to that of part (a) in design but using 2-butanol as the starting material, 
2-deuteriobutane may be prepared. 


РВ D20 


Mg 
CAs HCIDCH; a ЕН; diehyl ether CH4CHCH;CH4 CESCHOEDCHS 
OH Br MgBr D 
2-Butanol 2-Bromobutane sec-Butylmagnesium 2-Deuteriobutane 


bromide 


An analogous procedure involving sec-butyllithium in place of the Grignard reagent can be used. 


14.24 (a) Sodium acetylide adds to ketones to give tertiary alcohols. 


О rn 
| 1. liqui j 
- . liquid ammonia 
C=CH 
Benzophenone 1,1-Diphenyl-2-propyn-1-ol 
(50%) 


(b) The substrate is a ketone, which reacts with ethyHithium to yield a tertiary alcohol. 


: 1. diethyl ether 
+ CH3CH2Li эңе” CH;CH; 


О ОН 


2-Adamantanone 2-Ethy!-2-adamantanol (83%) 


(c) The first step is conversion of bromocyclopentene to the corresponding Grignard reagent, which then 
reacts with formaldehyde to give a primary alcohol. 


if 
Br THF MgBr 2. H5O* CH,OH 


1-Bromocyclopentene 1-Cyclopentenylmagnesium i-Cyclopentenylmethanol 
bromide (53%) 
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(d) The reaction is one in which an alkene is converted to a cyclopropane through use of the 
Simmons-Smith reagent, iodomethylzinc iodide. 


CH;CH-CH; сн] 
CH2 
Zn(Cu} 
diethyl ether 


Allylbenzene Benzylcyclopropane (64%) 


(e) Methylene transfer using the Simmons-Smith reagent is stereospecific. The trans arrangement of 
substituents in the alkene is carried over to the cyclopropane product. 


ea CHI Hex 7 CH3 
a N 212 5 Е 
{ок H Zn(Cu), ether {о H 


(E)-1-Phenyl-2-butene trans-|-Benzyl-2-methylcyclopropane 
(5096) 


(f) Lithium dimethylcuprate transfers a methyl group, which substitutes for iodine on the iodoalkene. Even 
halogens on sp?-hybridized carbon are reactive in substitutions with lithium dialkylcuprates. 


I CH; 
+  LiCu(CHs), 


СНО CH30 


2-Iodo-8-methoxybenzonorbornadiene 8-Methoxy-2-methyibenzonorbornadiene 
(73%) 


(g) The starting material is a p-toluenesulfonate. p-Toluenesulfonates are similar to alkyl halides in their 
reactivity. Substitution occurs; а butyl group from lithium dibutylcuprate replaces p-toluenesulfonate. 


CH;CH;CH;CH4CH; 


о 

cnr Ус, 

j | Ü + LiCu(CH;CH;CH2CH3) / \ 
О 


O 


(3-Furylmethyl p-toluenesulfonate Lithium dibutylcuprate 3-Pentylfuran 
14.25 Phenylmagnesium bromide reacts with 4-tert-butylcyclohexanone as shown. 


C(CH3)3 C(CH3)3 
1. CgHsMgBr, diethyl ether 
ES 2. НзО* Сен» 
О HO 
4-tert-Butylcyclohexanone 4-tert-Butyl- |-phenylcyclohexano! 


The phenyl suhstituent can be introduced either cis or trans to the tert-butyl group. The two alcohols are 
therefore stereoisomers (diastereomers). Dehydration of either alcohol yields 4-tert-butyl-1- 
phenylcyclohexene. 
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H H 


ССН» 1 ЗОНИ ian p= C(CH3)3 
СН НО”; 
ў Сен; 


HO СН; 


4-tert-Butyl-1-phenylcyclohexene 


14.26 If we use the 2-bromobutane given, along with the information that the reaction occurs with net inversion of 
configuration, the stereochemical course of the reaction may be written as 


CH; 
Сне LiCu(CgH3); dis 
с-н LOEO, Нос 
/ N 
Br CH;CH, H 


The phenyl group becomes bonded to carbon from the opposite side of the leaving group. Applying the 
Cahn-Ingold--Prelog notational system described in text Section 7.6 to the product, the order of decreasing 
precedence is 


Ce Hs > CH3CH; > CH; >Н 


Orienting the molecule so that the lowest-ranked group (Н) is away from us, we see that the order of 
decreasing precedence is clockwise. 
ев 


H3C CHCH 
PC LA MA 


The absolute configuration is R. 


14.27 The substrates are secondary alkyl p-toluenesulfonates, and so we expect elimiuation to compete with 
substitution. Compound B is formed in both reactions and has the molecular formula of 
4-tert-butylcyclohexene. Because the two p-toluenesulfonates are diastereomers, it is likely that compounds 
A and C are also diastereomers, especially because they have the same molecular formula. Assuming that the 
substitution reactions proceed with inversion of configuration, we conclude that the products are as shown. 


CH; 
OTs  LiCu(CH 
CH 27 7 DONC, / о ^ 
(СНз)зС (CH3)3C 


trans-A-tert-Butylcyclohexyl cis-1-terf-Butyi-4-methylcyclohexane  4-fert-Butylcyclohexene 
p-tolucnesulfonate (compound А, С) 652) (compound B, СН) 


OTs 


LiCu(CH3) 
МЕ ———À „ЁЛ ii 
(CH34C 


(CH3)3C 


cis-A-tert-Butylcyclohexyl trans-1-tert-Butyl-A-methylcyclohexane Compound B 
p-toluenesulfonate (compound C, СНз) 


Inversion of configuration is borne out by the fact given in the problem that compound C is more stable than 
compound A. Both substituents are equatorial in C; the methyl group is axial in A. 
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14.28 Sharing the nitrogen unshared electron pair with carbon allows a resonance form to be written in which 
carbon’s octet is satisfied. 


НС 


14.29 We are told in the staternent of the problem that the first step is conversion of the alcohol to the 
corresponding p-toluenesulfonate. This step is carried out as follows: 


CH; 
РЕФ у = Е Еа 
О OH о OTs 


SO;CI 
3,8-Epoxy-L-undecanot p-Toluenesulfonyl 3,8-Epoxyundecyl 
chloride (TsCI) p-toluenesulfonate 


Alkyl p-toluenesulfonates react with lithium dialkylcuprates in the same way that alkyl halides do. 
Treatment of the preceding p-toluenesulfonate with lithium dibutylcuprate gives the desired compound. 


Pax лала Ps» 
о OTs 70 


3,8-Epoxyundecyl 4,9-Epoxypentadecane 
p-toluenesulfonate 


As actually performed, a 9196 yield of the desired product was obtained in the reaction of the 
p-toluenesulfonate with lithium dibutylcuprate. 


14.30 Hydrogenation of a double bond must generate the chirality center. Therefore, the double bond cannot be part 
of the four-carbon side chain that becomes the isobutyl group. It must be part of the other substituent. 


CH, H 
H2 
ceuc _ eco Ru-BINAP сносно (00 сн 


COH 
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14.31 Each reactant contains a carbon-carbon double bond and the reaction is carried out in the presence of an 
olefin-metathesis catalyst. The molecular formula of the product is the sum of the molecular formulas of the 


reactants, less C; Нд. These facts suggest cross-metathesis. 


Connect these two carbons 


ГЕ БЕА by a double bond. © | | 

| | 

1 1 

1 О 1 

| | | CPC) Ru — СНС, Н; 
CH=CH, + COCH4CHj;CH-CH; == 

СУН, C5 H3405 
= 9 
Cp tociens caeci 7] + HjC—CH; 
СНО 


14.32 (a) Exaltolide is the hydrogenation product of compound A. Compound А is formed by ring-closing 
metathesis of the reactant. To derive the structure of compound A, rewrite the reactant in a form that 
approximates the shape of the resulting ring. 


|| 
Н:С==СНСН(СН›);СОСН,(СН›)3СН==СН; is the same as 


| N 


О О 
O 
ring-closing : Hp, Pd 9 
__ metathesis — > р 
"-HiC-CH. СН» 
p 


Compound A 
(CisH2602) — 
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(b) Analyze this ring-closing metathesis in the same way as part (a). 


|| 
H;C-—CHCH;4(CH;;COCH;(CH;)gCH-—CH; is the same as 


i 


О : О 
O 
ring-closing О Hp, Pd О 
metathesis 
J -HC = CH, | 
| EN 


14.33 Olefin metathesis between the reactants leads to double-bond formation between carbons a and c and 
between b and d. 


осњ— oct осњ— )- ОСН; 
= Ha = ШЕ CH 


НзС. д CH; 3 


» © с 
4 ` < 
+ ов 


осн; оси, 


HC.,, av CH3 
The substituent R C 
in the product is on ond О Min gee 


14.34 The precursor is the open-chain compound, which forms the cyclohexene ring by ring-closing metathesis. 
Numbering the carbons of the ring in the reactant and the product is helpful to see the new bond, between 
carbons | and 6. The two alkene carbons that are not numbered in the reactant are lost as a molecnle of 
ethylene." | ох 

CH; СН» 
| $ 


Grubbs’ HO. | O—Si—C(CH3)5 
CH; catalyst ` l 
5 Cae бн: 
сснззсос— м“ 0—51—С(СНзз © (cHycoC-N NS * 
it | : ЇН Ө 


О NHCOCH;CéHs CH; О NHCOCH;Cglls 
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ANSWERS TO INTERPRETIVE PROBLEMS 


14.35 D; 14.36 C; 14.37 D; 14.38 A 


SELF-TEST 


1, Give a method for the preparation of each of the following organometallic compounds, using appropriate 
starting materials: 


(а) Cyclohexyllithium (b) tert-Butylmagnesium bromide (c) Lithium dibenzylcuprate 


2. Give the structure of the product obtained by each of the following reaction schemes: 


D,0 


(a) (CH3)2CHCH3Li 


1. Mg 
2. H5C—O 
e uc Ув 3.10" 7 


O 


€ 


1. CHCHLi 
(c) 2. H,0* 


3. Give two combinations of an organometallic reagent and a carbonyl compound that may be used for the 
preparation of each of the following: 


OH OH 
(a) C6HsCHC(CH3)3 (b) CHaCH;CH;CHCH;3CH;CH;CHs 


4. Give the structure of the organometallic reagent necessary to carry out eacb of the following: 


CH; 
CX = ОС 
I СН»СН»СН» 
еи 


5. Compounds A through F аге some common organic solvents. Whicb ones would be suitable for use in the 
preparation of a Grignard reagent? For those that are not suitable, give a brief reason why. 


(b) 


CH4CH;CH3CH;OCH;CH5CH;CH; CH4OCH;CH;OCH, HOCH;CH,OH 
A B C 
i b) it 
CH;COCH;CH; О CH4COH 


D E F 


CHAPTER 14: Organometallic Compounds 


6. 


Show by a series of chemical equations how to prepare octane from 1-butanol as the source of all its 


carbon atoms. 


Synthesis of the following alcohol is possible by two schemes using Grignard reagents. Give the 
reagents necessary to carry out each of them. 


DH 
(CH3)2CHC(CH3)2 


Using ethylbenzene and any other necessary organic or inorganic reagents, outline a synthesis of 
3-phenyl-2-butanol. 


Give the structure of the final product of each of the following sequences of reactions. 


i 
Br? Mg CH3CCH2CH3 H,0* 9 
(a) FeBr3 | 
M CH eH НО" 
(b) 1-Butene НС 2 MES 420 ШЫ... ee 
NaNH; Ce H,0* 


(с) СН.СЕСН 
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CHAPTER 15 


Alcohols, Diols, and Thiols 


SOLUTIONS TO TEXT PROBLEMS 


15.1 Tbe two primary alcohols, 1-butanol and 2-metbyl-1-propanol, can be prepared by hydrogenation 
of the corresponding aldehydes. 


|| Hh, Ni 
CH4CH;CH;CH ——À—- CH4CH;CH;CH;0H 
Butanal I-Butanol 
О 
|| Hy, Ni 
(CH3)2CHCH (CH3)2CHCH,0H 
2-Methylpropanal 2-Methyl-f-propanol 


The secondary alcobol 2-butanol arises by bydrogenation of a ketone. 


|| Hp, Ni 
CH4CCH;CH; CH;CHCH;CH; 
OH 
2-Butanone 2-Butanol 


Tertiary alcohols sucb as 2-methyl-2-propanol, (CH4)4COH, cannot be prepared by hydrogenation 
of a carbonyl compound. 


418 
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15.2 (b) A deuterium atom is transferred from NaBD, to the carbonyl group of acetone. 


p-p, р ? 
CH. RD —— CHC OBD; Se CH;CO— B 
CH; CH; CH; /, 


On reaction with CH4OD, deuterium is transferred from the alcohol to the oxygen of[(CH3).CDOV,B. 


D D 
| " | _ 
CH3C— 0 SBLOCD(CH3)213 снзсор + ВІОСР(СНз)дз 
СНз p--OCH; CH3 OCH; 
Overall: 
И 
NaBD. 
(CH3),C=O —снов” (CHs)COD 
Acetone 2-Propanol-2-d-O-d 


(c) In this case, NaBD, serves as a deuterium donor to carbon, and CD4OH is a proton (not deuterium) 
donor to oxygen. 


i i 
NaBD4 
CéHsCH -срон” CoHsCHOH 
Benzaldchyde Benzyl alcohol- i-d 


(d) Lithium aluminum deuteride is a deuterium donor to the carbonyl carhon of formaldehyde. 


dt MENS 3HCH x 
HC=0 i (DCH20),Al 
H H 


On hydrolysis with 050, the oxygen—aluminum bond is cleaved and DCH,OD is formed. 


4D;O 


AX OCH;D), 4DCH50D + АКОР) 


Methanol-d-O-d 


15.3 (b) Reaction with ethylene oxide results in the addition of a —CH2CH20H unit to the 
Grignard reagent. Cyclohexylmagnesium bromide (or chloride) is the appropriate reagent. 


ШОМ + 7н,с—СН 1:diethyl ether [Lf emeuon 
ТАУ? до“ 
О 


Cyclohexymagnesium Ethylene oxide 2-Cyclohexylethanol 
bromide 
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15.4 Lithium aluminum hydride is the appropriate reagent for reducing carboxylic acids or esters 


15.5 


15.6 


to alcohols. 


О О 
|| || 1. ПАНА 
HOCCH;CHCIGCOH qo HOCH;CH;CHCH;CH,0H 
CH, CH; 
3-Meíhyl-1,5-pentanedioic acid 3-Methyl-1,5-pentanediol 


Any alkyl group may be attached to the oxygen of the ester function. In the following example, 
itis a methyl group. 


О 
| | 1. LiAIH 
CH30CCH,CHCH;COCH; PI a HOCH;CH;CHCH;CH;OH + 2CH30H 
CH; CH; 
Dimethyl 3-methyi-1,5-pentanedioate 3-Methyl-1,5-pentanediol Methanol 


Dihydroxylation of alkenes using osmium tetraoxide is a syn addition of hydroxyl groups to the double 
bond. cis-2-Butene yields the meso diol. 


H H HO OH 
= 0504, (CH3);COOH ЊУ Cm cá 
ITN (CH34COH, HO- Н" үн 
НзС СН» НзС СН; 
cis-2-Butene meso-2,3-Butanediol 


trans-2-Butene yields a racemic mixture of the two enantiomeric forms of the chiral diol. 


H CH; HO OH H CH; 
N ео“ 0504, (CH3)3COOH N C— C. y HaC an e AH 
SEEEN (CH44COH, HO- но, NX CH и N 

НзС H HC H HO OH 
trans-2-Butene (2R,3R)-2,3-Butanediol (2S,3S)-2,3-Butanediol 


The Fischer projection formulas of the three stereoisomers are 


СН; CH; СН; 
H—|—OH HO—-—H H—|—OH 
Нон H—— OH HO——H 

CH; CH; CH; > 


meso-2,3-Butanediol (2R3R)-2,3-Butanediol (25,35)-2,3-Butanediol 


Dihydroxylation using the Sharpless method is a syn addition. Therefore, trans-2-butene can give 
the following two diols. 


H 
C dihydroxylation НО, он HC H 
9 CH Xp, andlor Hat СНз 
? HC 45 SNH ИЕ RN 
H H CH3 HO OH 


The problem states that the reaction was enantioselective and gave the diol having the 
(R)-configuration at C-2. Therefore, the correct structure is the one shown at the right and 
the configuration at C-3 must also be R. 
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15.7 The first step is proton transfer to 1,5-pentanediol to form the corresponding alkyloxonium ion. 


oe M > .. .. n. ~ of 
HOCH;CH;CH;CH,CHz-OH + H7QSO,0H HOCH;CH;CH;CH;,CH;—-O: + 1080,0H 
H 
1,5-Pentanediol Sulfuric acid Conjugate acid of 1,5-pentanediol Hydrogen suifate 


Rewriting the alkyloxonium ion gives 
Na 
HO—CH;CH;CH;CH?CH,— о: is equivalent to a H 
H О: 


The alkyloxonium ion undergoes cyclization by intramolecular nucleophilic attack of its alcohol 
function on the carbon that bears the leaving group. 


Wr Td; ET 
ом i OF 


H H H 
Conjugate acid of Conjugate acid Water 
1,5-pentanediol of oxane 


Loss of a proton gives oxane. 


C + $0SO,0H eS +  H-OSO,0H 
О 


«i + 
j ee 
H 
Conjugate acid Hydrogeu Oxane Sulfuric acid 
of oxane sulfate 


15.8 (b) The relationship of the molecular formula of the ester (С уН Од) to that of the starting dicarboxylic 
acid (СНО) indicates that the ас! reacted with 2 moles of methanol to form a diester. 


D 1 А 0 it 
2CH30H + wor con п cue боси, 


Methanol J,4-Benzenedicarboxylic acid Dimethyl 1,4-benzcnedicarboxylate 


15.9 (b) 


О о О 
| | i 
4 уа + НОСЊСЊСЊЕСЕЊ oF ( y- tot ) + HOCH;CH;CH;CH; 


Benzoyl chloride 1-Butanol Benzoic anhydride 1-Butanol 


422 CHAPTER 15: Alcohols, Diols, and Thiols 


(c) 
| CH; 0 e CH; 
CH4—C—-Cl + o  CH4—C—-O-C-CH, + 
Џ t, 2 ,, 
“OH "OH 
Acetyl chloride trans-2-Methylcyclohexanol Acetic anhydride trans-2-Methylcyclohexanol 


15.10 (b) The substrate is a secondary alcohol and so gives a ketone on oxidation with sodium dichromate. 
2-Octanone has been prepared in 92-96% yield under these reaction conditions. 


i 
№0107.  CH3C(CH>)sCHg 


CID ECI О ISO, ILO 50, HO 
OH 
2-Octanol 2-Octanone 


(c) The alcohol is primary, and so oxidation can produce either an aldehyde or a carhoxylic 
acid, depending on the reaction conditions. Here the oxidation is carried out under anhydrous 
conditions using pyridinium chlorochromate (PCC), and the product is the corresponding aldehyde. 


PCC 


|| 
СНС}, CH3CH;CH;?CH;CH;CH;CH 


CH3CH2CH;CH;CH;CH;CH;0H 


1-Heptanol Heptanal 


15.11 The last step (step 4) of the mechanism is considered the oxidation-reduction step. The carbon in this 
reaction has been oxidized. The S-alkoxy-S-methylsulfonium methylide contains a single C-O bond, and in 
the product aldehyde or ketone the carbon now has a double hond; thus, it has an additional bond to oxygen. 
The sulfur in the reactant methylide has a single bond to oxygen, and in the product it does not have a bond 
to oxygen; thus, it is considered reduced. 


: Ста 
H А = R CH 
H SS СНз \ | | | 3 
go: ee PTO +: 5: 
R R CH3 
S-Alkoxy-S-methyl- Aldehyde Dimethyi 


sulfonium methylide or ketone sulfide 
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15.12 Selected labeling of organic compounds can give insight into the mechanism of organic reactions. Following 
through the mechanism of the Swern oxidation with CH,CH,CH,CD,OH gives products with the deuterium 


labels on both the aldehyde and the dimethy! sulfide products as shown: 


ч 
n CH; D :8'-CH; "E 
рб: "st СЕ p»C-9* + Сї: 
N ! \5 SN oe 
CH4CH;CH; Gm CH4CH;CH; 
CH; CH, 
D :S—CHs == D :S—CH; 
р“С-0+5 + :С: p»C-9: + HCl 
CH;CHCH; CH4CH;CH; 


P p. ulén, : CH 


RA \ 7 
(CH;CH2))N + D :S—CHs —— D :8—CHs + (CH3CH2)3NH 
„C—O. „СО: 

Dau Dp ou 

CH4CH;CH; CH;CH;CH; 
( qm 

: 5> D CH;D 
D SES \ [o 

De. $< C=O + iS: 
CH;CH,CH) CH;CH,CH, СН; 
Aldehyde Dimethyl 
sulfide 


15.13 (b) Enzymatic oxidation of CHyCD OH leads to loss of one of the C-1 deuterium atoms to NAD+, 
The dihydropyridine ring of the reduced form of the coenzyme will bear a single deuterium. 


H 
SN CNH, alcohol H 
dehydr 
CH;CD,0H + | ОУН CH,CD + + HÝ 
+7 
T 
R 
!,] -Dideuterio- NAD* 1-Deuterio- 
ethanol ethanal 


(c) The deuterium atom of CH4CH;OD is lost as D+. The reduced form of the coenzyme contains 
“no deuterium. | 


г 
NN CNH», alcohol M 
ЕЕ . CY dehydrogenase CH;CH d + pt 
7 


T 
| 
R 


Ethanol-O-d NAD* Ethanal NADH 
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15.14 (5) Oxidation of the carbon-oxygen bonds to carbonyl groups accompanies their cleavage. 


|| || 
(СНУ) СНСНСН — CHCH;C4H; MO, (CH;),CHCH,CH + — HCCH;C4Hs 
OH OH 
5-Methyl-1-phenyl-2,3-hexanediol 3-Methylbutanal 2-Phenylethanal 


(c) The CH,OH group is cleaved from the ring as formaldehyde to leave cyclopentanone. 


О 
у= эъ. Гуш, ићи 
CHOH 


1-(Hydroxymethyl)- Cyclopentanone Formaldehyde 
cyclopentanol 


15.15 The major components of “essence of skunk” are 


CH 
| 3 С „H 
CH4CHCH;CH;SH с=с 
H CHjSH 
3-Methyl-1-butanethiol trans-2-Butene-1-thiol 


15.16 Thiols may be prepared from the corresponding alkyl halide by nucleophilic substitution using 
the conjugate base of H5S. Thus, an acceptable synthesis of 1-hexanethiol from 1-hexanol 


would be 
PB 
CH(CHj4CH;OH — —2 > < CH4(CH54CHjBr E CH4(CH;4CH58H 
or HBr, heat ethanol 
1-Hexanol 1-Bromohexane 1-Hexanethiol 


15.17 The molecular weight of 2-methyl-2-butanol is 88. A peak in its mass spectrum at m/z 70 
corresponds to loss of water from the molecular ion. The peaks at m/z 73 and m/z 59 represent 
stable cations corresponding to the cleavages shown in the equation, 

+° е 


• oH 
ай Re 
CH; 
“On "ди 
«СНз + CH3CCH;CH4 CH3CCH,; + +СН»СН» 
miz 73 miz 59 


15.18 (a) The appropriate alkene for the preparation of 1-butanol by a hydroboration—oxidation sequence is 
1-butene. Remember, hydroboration-oxidation leads to hydration of alkenes with a regioselectivity 
opposite to that seen in acid-catalyzed hydration. 


1. BoHg 


CH;CH;CH-— CH 2. #02, НО“ 


CH4CH;CH;CH;OH 


1-Butene 1-Butanol 
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(b) 1-Butanol can be prepared by reaction of a Grignard reagent with formaldehyde. 


О 
го || 
CH3CH;CH;CH;OH [> CH;CH;CH, + HCH 


An appropriate Grignard reagent is propylmagnesium bromide. 


CH;CH,CH,Br МЕ. — CH,CH;CH;MgBr 


diethyl ether 


1-Bromopropane Propylmagnesium bromide 


1. diethyl ether 


| 
CH,CH,CH;MgBr + HCH ноя 


CH;CH,CH,CH,OH 
1-Butanol 


(c) Alternatively, 1-butanol may be prepared by the reaction of a Grignard reagent with ethylene oxide. 


CH4CH;CH;CH;OH m CH;CH, + I; сна 
О 


In this case, ethylmagnesium bromide would be used. 


Mg 

— = CH34CH5MgBr 
CH3CH2Br diethyl ether IIMB 

ni x Ethyl bromide Ethylmagnesium bromide 


1. diethyl ether 


CH3CH;MgBr + ЊС— CH2 Em CH3CH;CH5CH;0H 
WP 2. H30 
Ethylene oxide | -Butanol 


(d) Primary alcohols may be prepared by reduction of the carboxylic acid having the same number 
of carbons. Among the reagents we have discussed, the only one that is effective in the reduction 
of carboxylic acids is lithium aluminum hydride. The four-carbon carboxylic acid butanoic acid 
is the proper substrate. 


О 
| TM | 
CH,CH,CH;COH = RR diethylether СН CH;CH;CH;0H 


Butanoic acid 1-Butanoi 


(e) Because I-butanol is a primary alcohol having four carbons, butanal must be the aldehyde 
that is hydrogenated. Suitable catalysts are nickel, palladium, platinum, and ruthenium. 


H3, Pt 


i 
СН3СН›СН›СН CH34CH;CH4CH;0H 


Butanal 1-Butanol 
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(f) Sodium borohydride reduces aldehydes and ketones efficiently. It does not reduce carboxylic 
acids, and its reaction with esters is too slow to be of synthetic value. 


CH,CH,CH,CH №8. CH. CELCH,CH;0H 
3 2 2 water, ethanol 3 2 2 2 
or methanol 
Butanal {-Butanol 


15.19 (а) Both (Z)- and (£)-2-butene yield 2-butanol on hydroboration—oxidation. 


e 1. ВН; 
CH3CH=CHCH3 3mo no” СНЗСНСНЬСН; 
OH 
(2)- or (E)-2-butene 2-Butanol 


(b) Disconnection of one of the bonds to the carbon that bears the hydroxyl group reveals a feasible 
route using a Grignard reagent and propanal. 


и i 
H,C3-CHCH;CH; | СН, + HCCH;CH; 
OH 


Propanal 
The synthetic sequence is 
1 
Mg 1. CH4CH;CH 
CH3Br diethyl ether CH3MgBr зно ^ CH CHCHICHS 
OH 
Methyl bromide Methylmagnesium ^^ 2-Butanol 
bromide 


(c) Another disconnection is related to a synthetic route using a Grignard reagent and acetaldehyde, 


Disconnect this bond. 


C O 
i a 
CHCH} CH;CH; pes CH,CH +  CH3CH, 
ÓH 


Acetaldehyde 
M 1. CH: CH 
в CH3 
CH3CH2Br diethyl ether thyl ether CH; CH;MgBr 2. н:0+ ^ синнен 
ОН 
Ethyl bromide Ethylmagnesium 2-Butanol 


bromide 
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(d-f) Because 2-butanol is a secondary alcohol, it can be prepared by reduction of a ketone having 
the same carbon skeleton, in this case 2-butanone. All three reducing agents indicated in the 


equations are satisfactory. 


i 
CH4CCH;CH; 


2-Butanone 


il 
CH3CCH)2CH3 


2-Butanone 


i 
CH4CCH;CH; 


2-Butanone 


Hp, Pd 


и 
(or Pt, Ni, Ru) 


NaBH, 
CH4OH 


1. LiAlH4 
2. H20 


CH,CHCH;CH; 
OH 


2-Butanol 


CH3CHCH2CH, 
OH 


2-Butanol 


CH;CHCH;CHs 
OH 


2-Butanol 


15.20 (a) АП of the primary alcohols having tbe molecular formula C;H,.O may be prepared by reduction 


of aldehydes. The appropriate 


О 
i 
CH4CH;CH;CH;CH 


Pentanal 


i 
CHSCH;CHCH 
CH; 


2-Methylbutanal 
О 


|| 
(СНСНСЊСН 


3-Methylbutanal 


i 
(CH3)3CCH 


2,2-Ditnethyipropanal 


equations are 


1, LiAIH,, dietl 1 
iAIH,, diethyl ether CH4CH;CH;CH;CH;0H 


2. H50 


I-Pentanol 


1. ЧАЕНА, diethyl ether 
IU CH;CH;CHCH;OH 


2. НО 


CH3 


2-Methyl- E-butanol 


1. LIAIH4, diethyl ether 
AMI eee = (CH;CHCH,CH;OH 


2. H0 


3-Methyl-1-butanol 


1. LiAlHg, diethyl etl 
ТАЈНА, diethyl ether (CH3);CCH,OH 


2. НО 


2,2-Dimethyl-I-propanol 
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(b) The secondary alcohols having the molecular formula С;Н,;,О may be prepared by reduction 


of ketones. 
I T 
CH,CI;CH,CCH; дно ЗУ * — CH.CH;CH;CHCH; 
2-Pentanone 2-Pentanol 
i e 
.Li , dieth 
CHCH,CCHLCHs уно 8 — CHICHSCHCH;CH; 
3-Pentanone 3-Pentanol 
| OH 
. LiATH,, di 
(CHj),CHCCH, — ide diethyl eher Lo a dicthylethet (CH,CHCHCH; 
3-Methyl-2-butanone 3-Methyl-2-butanol 


(c) As with the reduction of aldehydes in part (a), reduction of carhoxylic acids yields primary 
alcohols. For example, 1~pentanol may be prepared by reduction of pentanoic acid. 


1. МАНА, diethyl ether 


i 
CH,CH)CH;CH;COH тру CHyCH2CHCH;CH,0H 


Pentanoic acid 1-Pentanol 


The remaining primary alcohols, 2-methyl- 1-butanol, 3-methyl-1-butanol, and 
2,2-dimethyl-1-propanol, may be prepared in the same way. 


(d) As with carboxylic acids, esters may be reduced using lithium aluminum hydride to give primary 
alcohols. For example, 2,2-dimethyl- 1-propanol may be prepared by reduction of methyl 
2,2-dimethylpropanoate. 


1. LiAIH,, diethyl ether 


| 
(Снузссосњ — Z5 


(CH3)3CCH,OH 


Methyl 2,2-Dimethyl-1-propanol 
2,2-dimethylpropanoate 


15.21 Glucose contains five hydroxyl groups and an aldehyde functional group. Its hydrogenation will not 
affect the hydroxyl groups but will reduce the aldehyde to a primary alcohol. 


OH OH о OH OH 
HO д H; (120 ат) НО A 
Ё 5 Н с : z OH 
OH OH OH OH 


Glucose Sorbitol 
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15.22 (a) 1-Phenylethanol is a secondary alcohol and so can be prepared by the reaction of a Grignard 
reagent with an aldehyde. One combination is phenylmagnesium bromide and ethanal (acetaldehyde). 


О 
| 
CeHsCHCH; С> CdH,MgBr + НССЊ 
OH 
{-Phenylethanol Phenylmagnesium Ethanal 
bromide (acetaldehyde) 


Grignard reagents—phenylmagnesium bromide in this case—are always prepared by reaction of 
magnesium metal and the corresponding halide. Starting with bromobenzene, a suitahle synthesis 
is described by the sequence 


H 
1. СНСН 


Mg 
C&HsBr diethyl ether C&H5MgBr но Се нон 
OH 
Bromobenzene Phenylmagnesium 1-Phenylethanol 
bromide 


(b) An alternative disconnection of 1-phenylethanol reveals a second route using benzaldehyde and 
a methyl Grignard reagent. 


О 
i 
C;H;CHCH; [> CHCH + CH Mel 
OH 


1-Phenylethanol Benzaldehyde Methylmagnesium 
iodide 


Equations representing this approach are 


П 
Mg Е. CHCH 
СН diethyt ether CH3Mel LHO* — Eee HCH 
OH 
Iodomethane Methylmagnesium 1-Phenylethanol 
iodide 


(c) Aldehydes are, in general, obtainable by oxidation of the corresponding primary alcohol. 
By recognizing that benzaldehyde can be obtained by oxidation of benzyl alcohol with 
PCC, we write 


РСС || 1. CH3Mgl, diethy! ether 


CgH5CH20H CHC СН5СН оно CeHSCHCHS 
OH 
BenzyLalcohol Benzaidehyde „| Phenylethanol 


(d) The conversion of acetophenone to 1-phenylethanol is a reduction. 


reducing agent 
— 7 


i 
CeH CCH; CeHsCHCH, 


OH 


Acetophenone 1-Phenylethanol 
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Any of a number of reducing agents could be used. These include 
1. NaBH,, СНзОН | 
2. ЛАНА in diethyl ether, then H,O 


3. H5 and a Pt, Pd, Ni, or Ru catalyst 


(е) Benzene can be employed as the starting material in a synthesis of 1-phenylethanol. Friedel-Crafts 
acylation of benzene gives acetophenone, which can then be reduced as in part (d). 


0 D 
{У + сњса —^ в =“ 


Benzene Acetyl chloride Acetophenone 


||| 
Acetic anhydride (СНзСОССН.)} can be used in place of acetyl chloride. 


15.23 2-Phenylethanol is an ingredient in many perfumes, to which it imparts a rose-like fragrance. 
Numerous methods have been employed for its synthesis. 


(a) As a primary alcohol having two more carbon atoms than bromobenzene, it can be formed by 
reaction of a Grignard reagent, phenylmagnesium bromide, with ethylene oxide. 


/ N 
C&H3CH;CH;0H > СоН5МеВг + Н›С—СН, 


The desired reaction sequence is therefore 


1. BC Es 
Mg Р О 
СеН5Вг diethyl ether CsHsMgBr 2.150* СеН5СНСН,ОН 
Bromobenzene Phenylmagnesium 2-Phenylethanol 


bromide 


(b) Hydration of styrene with a regioselectivity contrary to that of Markovnikov's rule is required. 
This is accomplished readily by bydroboration—oxidation. 


1. В2Не, diglyme 
ит тнт 


CeHSCH—CH; 5 H0, HO" СеН5СН>СН2ОН 
Styrene 2-Phenylethanoi 
(c) Reduction of aldchydes yields primary alcohols. 
| i 
C4H,CH,CH 209 900 Cor cm cH;oH 
2-Phenylethanai 2-Phenylethanot 


Among the reducing agents that could be (and have becn) used are 
1. NaBH4, CH30H 


2. LiAlH, in diethyl ether, then H,O 
3. Нз and a Pt, Pd, Ni, or Ru catalyst 
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(d) The only reagent that is suitable for the direct reduction of carboxylic acids to primary alcohols 
is lithium aluminum hydride. 


О 
i 1. LiAIH,, diethyl ether 
CsHsCH2COH УНО A CHCH CHOH 
2-Phenylethanoic acid 2-Phenylethanol 


Alternatively, the carboxylic acid could be esterified with ethanol and the resulting ethyl 
2-phenylethanoate reduced. 


о О reduce as in 

|| || part (d) 
C;HsCHoCOH + CH3CH,0H C;H;3CH;COCH?;CH4 СНСЊСЊОН 
2-Phenylethanoic Ethanol Ethyl 2-phenylethanoate 2-Phenylethanot 


acid 


15.24 (a) The alcohol needs to be converted to a substrate with a leaving group for a nucleophilic substitution 
reaction with KSH. The bromoalkane is suitable for this reaction. Alternatively, the alcohol could be 
converted to a sulfonate ester, as shown in Section 8.12. The sulfonate leaving group can then be 


displaced using KSH. 
AST ВВ at ee E o eae Le 
OH i ethanol SH 


(b) Working backward, the alcohol, 1-hexanol, can he synthesized hy the reaction of ethylene oxide with the 
Grignard reagent prepared from 1-bromobutane. 


о 
Mg Papas ` Ne 
ои" T diethyi ether MgBr 2. NH,CI | OH 


(c) Working backward, 2-hexanol can be synthesized by the reaction of the Grignard reagent used in part 


(b) with acetaldehyde. 
M 1. CH CH 
MR a TED MALIS 
CERT m diethyl ether db m MgBr 2. NH,Cl dr d 


OH 


(d) The product is a vicinal diol. Vicinal diols can be prepared from alkenes by dihydroxylation with 
osmium tetroxide. The procedure used here includes а co-oxidant, fert-butylhydroperoxide, and catalytic 
osinium tetroxide. The alkene that is required, 2-methylpropene, is prepared by dehydration of tert-butyl 


alcohol. 
CH; 


OH НРО; OsO, (cat) OH 
OK heat (CH,),;COOH но” XC 


tert-butyl alcohol, НОГ 
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(e) The primary alkyl chloride can be prepared from the alcohol, which in turn can be made from the 
addition of the Grignard reagent derived from bromobenzene to ethylene oxide. 


Br MgBr 9 
Br; Mg а L. LN 
FeBr, diethyl ether 2. NH4CI 
OH 
(Т7 SOCL ir Сі 


15.25 (a) Chromic acid (H,CrO,) is used because we do not want the oxidation to stop at the aldehyde stage. 
Chromic acid can be generated using Na,Cr,O, in sulfuric acid. 
(b) Secondary alcohols can be oxidized to ketones with chromic acid, pyridinium chlorochromate (PCC), 
pyridinium dichromate (PDC), or by the Swern oxidation (DMSO, oxalyl chloride (СОС) 2), then 
triethylamine. 


(c) Oxidation of a primary alcohol to an aldehyde can be carried out with PDC or PCC, or by the Swern 
method, but not with chromic acid. 


(d) This reaction is oxidative cleavage of a vicinal diol, and is carried out with periodic acid, HIO,. 


15.26 (a) Because 1-phenylcyclopentanol is a tertiary alcohol, a likely synthesis would involve reaction 
of a ketone and a Grignard reagent. Thus, a reasonable last step is treatment of cyclopentanone 
with phenylmagnesium bromide. 


О 1. CcHsMgBr, diethyl ether OH 
2.H40* СН; 


Cyclopentanone ]-Phenylcyclopentanol 


Cyclopentanone is prepared by oxidation of cyclopentanol. Any one of a number of oxidizing 
agents would be suitable. These include PDC ог PCC in CH5CI, or chromic acid (H,CrO4) 


generated from Na;Cr,O; in aqueous sulfuric acid. 


[om oxidize [> О 2 
Н 


Cyclopentanol Cyclopentanone 


(b) Acid-catalyzed dehydration of 1-phenylcyclopentanol gives 1-phenylcyclopentene. 
OH H2504, h 
Оч, тит Oe 
Сен; H3POA, heat 
1-Phenylcyclopentanol 1-Phenylcyclopentene 


(c) Hydrohoration-oxidation of 1-phenylcyclopentene gives trans-2-phenylcyclopentanol. 
The H and OH are added across the double bond opposite to Markovnikov's rule and 
syn to each other. 


HO н 
CH 1. ВрНе, diglyme «Н 
695 . 2.H305, HOT 
012572, 
C6H5 


1-Phenylcyclopentene trans-2-Phenylcyclopentanol 
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(d) Oxidation of trans-2-phenylcyclopentanol converts this secondary alcohol to the desired ketone. 
Any of the Cr(VD-derived oxidizing agents mentioned in part (a) for oxidation of cyclopentanol 
to cyclopentanone is satisfactory. 


HO H O 
< н Cr(VI) oxidation H 


NS 


СН; Сен; 
trans-2-Phenylcyclo- 2-Phenylcyclopentanone 
pentanol 


(e) The standard procedure for preparing cis-1,2-diols is by dihydroxylation of alkenes with osmium 


tetraoxide. 
H HO H 
C.H 0504, (CH3)3COOH „он 
6115 ~ " T 
(CH34COIH, НО 
373 СН; 
1-Phenylcyclopentene 1-Phenyl-cis-1,2-cyclopentanedioi 


(f) The first reaction step for the desired compound is accomplished either by ozonolysis of 
1-phenylcyclopentene from part (5): 


H 
i Ji 
СН; "HOM C;H5CCH;CH;CH;CH 
t-Phenylcyclopentene 5-Охо-1-рћепу!-1-репапопе 
or by periodic acid cleavage of the diol in part (e): 
HO H 
| О О 


ШӨ ] i 
—HIO;, — CCHSCCH;CH;CH;CH 
СН; 


]-Phenyl-cis-1,2- 5-Oxo-1-phenyl-1-pentanone 
cyclopentanediol 


Reduction of both carbonyls in 5-oxo-1-phenyl-1-pentanone gives the desired diol. 


Hs; Pt (or Pd; Ni; Rn) 
or 


i, n мавн,, НО 
ог 

CcH5CCH;CH;CH;CH ГАНА diethyl ether ОВ CH,CH2CH2CH20H 
2. Н2О OH 


5-Oxo-1-phenyl- l-pentanone 1-Phenyl-1,5-pentanediol 
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15.27 (a, b) Primary alcohols react in two different ways on being heated with acid catalysts: they 
can condense to form dialkyl ethers or undergo dehydration to yield alkenes. Ether formation 
is favored at lower temperature, and alkene formation is favored at higher temperature. 


H,SO, 
2CH4CH;CH;0H 5 CH4CH;CH;OCH;CH;CH, + НО 
] -Propanol Dipropyl ether Water 
CH,CH,CH,OH — “= СНуСН=СН, + HO 
1-Propanol Propene Water 


(c) Oxidation of a primary alcohol by the Swern method gives an aldehyde. 


О 
CHCH,CHLOH 22006009 C c 
3CH2CH; МЕН. СН H3CH;CH 
1-Propanol Propanal 
(d) Pyridinium chlorochromate (PCC) oxidizes primary alcohols to aldehydes. 
О 
cH,cH,cHoH CS. cach Ën 
3 2 2 CH;Ciz 3 2 
1-Propanol Propanal 


(e) Potassium dichromate in aqueous sulfuric acid oxidizes primary alcohols to carboxylic acids. 


K5Cr;04 | | 
CH,CH,CHOH кен CHCHCOH 
1-Propanol Propanoic acid 


(f) Amide ion, a strong base, abstracts a proton from 1-propanol to form ammonia and 1-propanolate 
ion. This is an acid-base reaction. 


CH4CH;CH;OH +  NaNH; 


CH3CH5CH;0Na + NH; 
1-Propanol Sodium amide Sodium 1-propanolate Ammonia 


With acetic acid and in the presence of an acid catalyst, 1-propanol is converted to its 
acetate ester. 


~ 


(g 


HCI 


[| || 
CH,CH,CH,OH +  CH4COH CH4COCH;CH;CH, + НО 


1-Propanol Acetic acid Propyl acetate Water 
This is an equilibrium process that slightly favors products. 


(ћу Alcohols react with p-toluenesulfonyl chloride to give p-toluenesulfonates. 


0 
CH4CH;CH;OH + = =“ „Буй, сњсњсњоў (Уен + на 
О 


1-Propanol p-Toluenesulfonyl chloride Propyl p-toluenesulfonate 
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(i) Acyl chlorides convert alcohols to esters. 


435 


О 
|| pyridine || 
CH;CH;CH,OH + CHO сар = СЊСЊСЊОС осњ + на 


]-Propanol p-Methoxybenzoyl chloride Propyl p-methoxybenzoate 


(j) The reagent is benzoic anhydride. Acid anhydrides react with alcohols to give esters. 


о О 

| | pyridine || || 
СЊСЊСЊОН +  CgH4COCC4H; CH;4CH;CHjOCCgHs + CegHsCOH 
1-Ргорапої Benzoic anhydride Propyl benzoate Benzoic acid 


(k) The reagent is succinic anhydride, a cyclic anhydride. Esterification occurs, but in this case 
the resulting ester and carboxylic acid functions remain part of the same molecule. 


О 
pyridine || tl 
CH,CH;CH;OH + O  — —-  CH4CH;CH;OCCH;CH5COH 
О 
| -Propanol Succinic Hydrogen propyl succinate 


anhydride 


15.28 (a) On being heated in the presence of sulfuric acid, tertiary alcohols undergo elimination. 


CcHs — Hn580; 
= HSC Cdi 


4-Methyl-1- 4-Methyl-1- 
phenylcyclohexanot рћепуксусјоћехепе (81%) 


(b) The combination of reagents specified converts alkenes to vicinal diols. 


(CH3),COOH, OsO4(cat) 
(CH3)3COH, HO - 


(CH3)9C=C(CH3)2 (Снз):С—С(СНз) 


НО ОН 


2,3-Dimethyl-2-butene 2,3-Dimethyl-2,3-butanediol 
(72%) 


(c) Hydroboration-oxidation of the double bond takes place with a regioselectivity that is 
opposite to Markovnikov’s rule. The elements of water are added in a stereospecific 
syn fashion. 


CH; go В _ 
ЕТ 1. BoHg, diglyme ar Се 
2. H202, НО | 
§-Phenylcyclobutene trans-2-Phenylcyclobutanol 


(82%) 
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(d) Lithium aluminum hydride reduces carboxylic acids to primary alcohols but does not 
reduce carbon-carbon double bonds. 


1. LiATHy, diethyl ether 
[сом oho [ >—сњон 


Cyclopentene-4- (3-Cyclopentenyl)- 
carboxylic acid methanol 


(e) Chromic acid oxidizes the secondary alcohol to the corresponding ketone but does not 


affect the triple bond. 
ЈЕ H;CrO ба. 
CH,CHCEC(CH2CHs EUNDUM CH4CCZC(CH;A4CH; 
OH acetone 
3-Octyn-2-ol 3-Octyn-2-one (80%) 


(f) Lithium aluminum hydride reduces carbonyl groups efficiently but does not normally react 
with double bonds. 


І. LiAIH,, diethyl ether 


i i 
CH3CCH;CH=CHCH,CCH; 357-5 


CHCHCH2CH= CHCH,CHCH, 
OH OH 


4-Octen-2,7-dione 4-Octen-2,7-diol (75%) 


(g) Alcohols react with acyl chlorides to yield esters. The О-Н bond is broken in this reaction; 
the C—O bond of the alcohol remains intact on ester formation. 


NO; 
ОМ | 
OH О OC 
|| pyridine 
HC + CCl > НС NO; 
ON 
trans-3-Methylcyclohexanol 3,5-Dinitrobenzoyl chloride trans-3-Methylcyclohexyl 


3,5-dinitrobenzoate (74%) 


(h) Acid anhydrides react with alcohols to give esters. Here, too, the spatial orientation 
of the C—O bond remains intact. 


| | i i 
OH + CH4COCCH, OCCH, + СН.СОН 
H 


exo-Bicyclo[2.2.1]- Acetic anhydride exo-Bicyclo[2.2. | ]hept- Acetic acid 
heptan-2-ot 2-yl acetate (90%) 
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(i) The substrate is a carboxylic acid and undergoes Fischer esterification with methanol. 


ON ON 
| CH4OH ü ^ 
ON ON 
4-Chloro-3,5- Methyl 4-сһого-3,5- 
dinitrobenzoie acid dinitrobenzoate (9696) 


15.29 Only the hydroxyl groups on C-1 and C-4 can be involved, because only these two can lead 
to a five-membered cyclic ether. 


HO 
+ 
HOCH;CHCH;CH;OH = | \ + HO 
OH О 
1,2,4-Butanetriol 3-Hydroxyoxolane 
(C4HgO;) 


Any other combination of hydroxyl groups would lead to a strained three-membered ог. 
four-membered ring and is unfavorable under conditions of acid catalysis. 


15.30 (a) The task of converting a ketone to an alkene requires first the reduction of the ketone to 
an alcohol and then dehydration. In practice, the two-step transformation has been carried 
out in 5496 yield by treating the ketone with sodium borohydride and then heating the 
on alcohol with p-toluenesulfonic acid. 


NaBH4 
СНОН E- i 


Of course, sodium borohydride may be replaced by other suitable reducing agents, and 
p-toluenesulfonic acid is not the only acid that could be used in the dehydration step. 


(b 


— 


This problem and the next one illustrate the value of reasoning backward. The desired product, 
cyclohexanol, can be prepared cleanly from cyclohexanone. 


C D y D Фе 


Once cyclohexanone is recognized to be а key intermediate, the synthetic pathway becomes 
apparent—what is needed is a method to convert the indicated starting material to cyclobexanone. 
The reagent ideally suited to this task is periodic acid. The synthetic sequence to be followed 

Js. therefore 


НЮ NaBH OH 
а NE AAA 
ФА OH CY THON CY 


1-(Hydroxymethyl- Cyclohexanone Cyclohexanol 
cyclohexanol 
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(c) No direct method allows a second hydroxyl group to be introduced at C-2 of 1-phenylcyclohexanol 
in a single step. We recognize the product as a vicinal diol and recall that such compounds аге 
available by dihydroxylation of alkenes. 


OH OH 

Š C6H5 C6H5 ae 
Cy | > CY ` | | “СН; 

"он 


This tells us that we must first dehydrate the tertiary alcohol, then dihydroxylate the resulting alkene. 


OH сен, (CHCOOH OH 
P= CoHs _Н50,_ _ (сњусон _ Бес 
~ heat ^ — 050, HO , Бары 
"OH 
1-Phenylcyclohexanol 1-Phenylcyclohexene 1-Phenyl-cis-1,2- 
cyclohexanediol 


The syn stereoselectivity of the dihydroxylation step ensures that the product will have its hydroxyl 
groups cis, as the problem requires. 


15.31 Because the target molecule is an eight-carbon secondary alcohol and the problem restricts our choices 
of starting materials to alcohols of five carhons or fewer, we are led to consider building up the carbon 
chain hy a Grignard reaction. 

св о е 
СЊСЊСН СНСНСЊСН > CH,CH;CH + ?CHCH,CH)CH; 
OH 


4-Methyl-3-heptanol 


The disconnection shown leads to a three-carbon aldehyde and a five-carbon Grignard reagent. Starting 
with the corresponding alcohols, the following synthetic scheme seems reasonable. 
First, propanal is prepared. 


О 
i 

CH34CH;CH;OH пи CH;CH;CH 
1-Propanol Propanal 


After converting 2-pentanol to its bromo derivative, a solution of the Grignard reagent is prepared. 


PBr4 Mg 
CH;CHCH;CH;CH; CH4CHCH;CH;CHs gg eter CH;CHCH;CH;CH; 
OH Br MgBr 
2-Pentanol і 2-Bromopentane 1-Methylbutylmagnesium 


bromide 


Reaction of the Grignard reagent with the aldehyde yields the desired 4-methy!-3-heptanol. 


i 
CH,CHCH,CH,CH, + CH,CH,CH 1: ether, 


= CH4CHCH;CH;CH; 
2, НО 
MgBr HOCHCH;CH, . 
I-MethylbutylImagnesium Propanal 4-Methyl-3-heptanol 


bromide 
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15.32 (a) Retrosyntheticaily, we can see that the cis carbon-carbon double bond is available by hydrogenation of 
the corresponding alkyne over the Lindlar catalyst. 


CH4CH;CH—CHCH4CH;OH ps CH,CH,C=CCH,CH,OH 


The —СН>СН2ОН unit can be appended to an alkynide anion by reaction with etbylene oxide. 


снзснс=ссн:сн:он [> сњењсест + нес, 


О 


The alkynide anion is derived from 1-butyne by alkylation of acetylene. This analysis suggests 
the following synthetic sequence: 


х 1. NaNH;, NH3 m 1. NaNH;, NH; ux 

HC=CH 2. CHCH;Br ^ CH3CHzC=CH э.нс-сн, 7 CH3CH;CECCH;CH;OH 
О 

Acetylene ]-Butyne 3-Hexyn-1-ol 


Lindlar Pd 
Н; 


CHCH}, = |CH;CH;0H 


H H 


cis-3-Hexen-1-ol 


(b) The compound cited is the aldehyde derived by oxidation of the primary alcohol in part (a). 
Oxidize the alcohol with PDC or PCC in СЊСЂ. 


О 
|| 
CHCH), ,CH;CH;0H „ре СВЕН „CHCH 
с=с асн, " Le. 
H H H H 
cis-3-Hexen-i-ol cis-3-Hexenal 


15.33 Even though we are given the structure of the starting material, it is still better to reason 
backward from the target molecule rather than forward from the starting material. 


The desired product contains a cyano ( — CN ) group. The only method we have seen so far 


for introducing such a function into a molecule is by nucleophilic substitution. The last step 
in the synthesis must therefore be 


CH;X CHCN 


OCH; OCH; 


440 CHAPTER 15: Alcohols, Diols, and Thiols 


This step should work very well because the substrate is a primary benzylic halide, cannot 
undergo elimination, and is very reactive in 52 reactions. The primary benzylic halide can 


be prepared from the corresponding alcohol by any of a number of methods. 


4 CHOH cr 


ОСН; ОСН; 
Suitable reagents include HBr, PBr3, ог ЗОСЬ. 


Now we only need to prepare the primary alcohol from the given starting aldehyde, which is 
accomplished by reduction. 


il 
y on 


OCH, OCH, 


Reduction ean be achieved by catalytic hydrogenation, with lithium aluminum bydride, or with 
sodium borohydride. The actual sequence of reactions as carried out is as shown. 


0 
CH CH;OH CHBr CH3CN 
_ Нам D Pt _HBr, benzene benzene 
ethanol — 798% yield ^ yield Sid eu water 
(100% yield) (87% yield) 
OCH; ОСН; OCH; OCH; 
m-Methoxy- m-Methoxybenzyl m-Methoxybenzyl m-Methoxybenzyl 
benzaldehyde alcohol bromide cyanide 


Another three-step synthesis, which is reasonable but does not involve an alcohol as an intermediate, is 


it 
CH СН» CHBr _ СН»СМ 
Clemmensen NBS CN 
or Wolff-Kishnerr light 
reduction 
OCH, OCH; ОСН; OCH 
m-Methoxy- m-Methoxytoluene m-Methoxybenzyl m-Methoxybenzyl 


benzaidehyde bromide cyanide 
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15.34 (a) Addition of hydrogen chloride to cyclopentadiene takes place by way of the most stable carbocation. 
In this case, it is an allylic carbocation. 


q~o-o 


(Allylic carbocation: (Not allylic; 
more stable) less stable) 
ст 
Cl 


3-Chlorocyclopentene (80-90%) 
(Compound À) 


Hydrolysis of 3-chlorocyclopentene gives the corresponding alcohol. Sodium bicarbonate in 
water is a weakly basic solvolysis medium. 


NaHCO; 
H20 
CI OH 
Compound A 2-Cyelopenten-1-ol (88%) 


(compound B) 
Oxidation of compound B (a secondary alcohol) gives the ketone 2-cyclopentenone. 


Na3Cr205 
H2504, 0 


OH О 


Compound В 2-Cyclopentenone 
(60-80%) (compound C) 


(b) Thionyl chloride converts alcohols to alkyl chlorides. 


H,C—CHCH;CH;CHCH; К HC CHCHCH;CHCH; 
OH CI 
5-Hexen-2-ol 5-Chloro-1-hexene 
(compound D) 
Ozonolysis cleaves the carbon-carbon double bond. 
j j 
1. 
F;C—CHCH;CH;CHCH; 5 == ШО HCCH;CH;CHCH; + HCH 
CI а 
Compound D 4-Chloropentanal Formaldehyde 


(compound E) 
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Reduction of compound E yields the corresponding alcohol. 


NaBH, 


Ш 
HCCH;CH;CHCH; HOCH;CH;CH;CHCH; 
СІ СІ 
4-Chloropentanal 4-Chloro-1-pentanol 
(compound F) 


(c) N-Bromosuccinimide (NBS) is a reagent designed to accomplish benzylic bromination. 


Е и 
heat СЊВг 


I-Bromo-2-methylnaphthalene 1-Bromo-2-(bromomethyl)naphthalene 
(compound G) 


Hydrolysis of the benzylic bromide gives the corresponding benzylic alcohol. The bromine 
that is directly attached to the naphthalene ring does not react under these conditions. 


НО, CaCO; _ СаСОз 
ш ^ 
СН,Вг CHOH 
Br 


1-Bromo-2-(bromomethyl naphthalene (1-Bromo-2-naphthyl)methanol 
(compound H) 


Oxidation of the primary alcohol with PCC gives the aldehyde. 


СН>ОН 
Вг 


(1-Bromo-2-naphthyl)methanol 1-Bromonaphthalene-2-carboxaldehyde 
(compound I} 


15.35 The difference between the two ethers is that 1-O-benzylglycerol contains a vicinal diol function, 
but 2-O-benzylglycerol does not. Periodic acid will react with 1-O-benzylglycerol but not with 
2-O-benzylglycerol. 


HI | || 
CEEGEEDOGEGUECHOOH 04 CgH;CH;OCH;CH + HCH 


OH 
1-O-Benzylglycerol 2-Benzyloxyethanal Formaldehyde 
HIO : 
HOCH;CHCH;O0H : no reaction 


OCH C¢Hs 


2-O-Benzylglycerol 
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15.36 The formation of an alkanethiol by reaction of an alkyl halide or alkyl p-toluenesulfonate with 
the conjugate base of H5S is a substitution that occurs by the 542 pathway and will proceed with 
inversion of configuration. The p-toluenesulfonate is formed from the corresponding alcohol by 
a reaction that does not involve any of the bonds to the chirality center. Therefore, begin with 
(S)-2-butanol. 


p-toluenesulfonyl 


H H H 
t. hloride D KSH, ethanol 5 
H3C configuration H3C configuration CH; 


(S$)-2-Butanol (S)-sec-Butyl (R)-2-Butanethiol 
p-toluenesulfonate 


15.37 (a) Cysteine contains an — SH group and is a thiol. Oxidation of thiols gives rise to disulfides. 


oxidize 


2RSH RSSR 


Thiol Disulfide 


Biological oxidation of cysteine gives the disulfide cystine. 


О О 
НИ _ oxidize = Ш И _ 
2HSCH;CHCO  ———- о 
"На + NH; *NH; 
Cysteine Cystine 


(b) Oxidation of a thiol yields a series of acids, including a sulfinic acid and a sulfonic acid. 


Й ? 
RSH RS-OH RS^*0H 
о. 
Thiol Sulfinic acid Sulfonic acid 


Biological oxidation of cysteine can yield, in addition to the disulfide cystine, cysteine sulfinic 
acid and the sulfonic acid cysteic acid. 


il 25a | || us | || 
HSCH,CHCO oxidize но SCH;CHCO" oxidize, yo% S$CH;CHCO 

*NH; “мн O^ *NH; 
Cysteine Cysteine sulfinic acid (C43H;NO4S) Cysteic acid (C;H;NO<S) 


15.38 The compound is 2,5-dimethyl-2,5-bexanediol. 


CH; CH; 
CH4CCH;CH5CCH; 
| | 

OH OH 


The ratio of carbon to hydrogen in the molecular formula is С Но 2 (CH g0), so the compound has по 
double bonds or rings. It cannot be a vicinal diol, because it does not react with periodic acid. All peaks in 
the NMR spectrum are singlets. The 12-proton singlet at 6 1.2 corresponds to the four equivalent methyl 
groups and the four-proton singlet at д 1.6 to the two equivalent methylene groups. No nonequivalent 
protons can be vicinal because no splitting is observed. The two-proton singlet at д 2.3 is due to the two 
equivalent hydroxyl protons. 
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15.39 The molecular formula of the compound (СНО) corresponds to an index of hydrogen deficiency 
of 4. The 4 hydrogen signal at 8 7.2 in the ІН NMR spectrum suggests these unsaturations are 
due to a disubstituted benzene ring. That the ring is para-substituted is supported by the symmetry 
of the signal; it is a pair of doublets, not a quartet. 
The broad band in the IR spectrum at 3300 cm" is the O—H stretching vibration of an alcohol. 
The presence of an alcohol is confirmed by the disappearance of the broad signal at 6 2.1 following 
addition of D,O as tbe hydroxyl proton undergoes rapid exchange with deuterium, As the remaining 


signals in the ЇН NMR spectrum are singlets, with areas of 2H and ЗН, respectively, the compound 
can be identified as 4-methylbenzyl alcohol. 


$24 947 
| | 
нс— \— CHOH 
— | ` 
| 821 
872 


15.40 (a) This compound has only two different types of carbons. One type of carbon comes at low 
field and is most likely a carbon bonded to oxygen and three other equivalent carbons. 
The spectrum leads to the conclusion that this compound is tert-buty] alcohol. 


с 
H4C—C-OH 


СН; $ 68.9 
5312 


(b) Four different types of carbons occur in this compound, The С.Н оО isomers that have four 5 
nonequivalent carbons are CH,CH,CH,CH,OH, CH;CHCH2CH;, and CH,0CH,CH,CHs3. 


OH 
The lowest-field signal, the one at 6 69.2 from the carbon that bears the oxygen substituent, 
is a methine (CH). The compound is therefore 2-butanol, 


CH,CHCH;CH; 
OH 


(c) This compound has two equivalent CH, groups, as indicated by the signal at 8 18.9. 
Its lowest-field carbon is a CH, and so the group CHO must be present. The compound 
is 2-methyl-1-propanol. 
$ 30.8 


| 


сЕ CHOH 
| сњ | 
$ 18.9 $ 69.4 
15.41 The compound has only three carbons, none of which is a CH, group. Two of the carbon signals 
arise from CH, groups; the other corresponds to a CH group. The only structure consistent with 
the observed data is that of 3-chloro-1,2-propanediol. 
HOCH;— үне СН»С1 
ОН 
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The structure BOC MCHC ON cannot be correct. It would exhibit only two peaks in its 13С NMR 
Cl 
spectrum, because the two terminal carbons are equivalent to each other. 
15.42 The observation of a peak at m/z 31 in the mass spectrum of the compound suggests the presence 


+ 
of a primary alcohol. This fragment is most likely HxC=OH, On the basis of this fact and the 
appearance of four different carbons in the 13С NMR spectrum, the compound is 2-ethyl-1-butanol. 


$23 
544 
ви = CHCH | 
СН—СЊОН 
СНзСН; 
8 65 


ANSWERS TO INTERPRETIVE PROBLEMS 


15.43 A; 15.44 А; 15.45 В; 15.46 C; 15.47 B; 1548 B; 15.49 D 


SELF-TEST 


1, For each of the following reactions, give the structure of the missing reactant or reagent. 
H OH 


(a) 7 1. LiAIH4 
' 72.H50 


OH 
(b ? + 2CH4CH;MgBr ono C&H,C(CH4CH4), + CH4CH;0H 
CH; єн; 
(c) CgH&CH,C—CH, C&HsCH;CHCH;0H 
6115 


CH; p 
9 тю, 
“OH 


(e) СеН5СН,Вг 


CsHsCH)SH 


2. For the following reactions of 2-phenylethanol, CgH;CH,CH,OH, give the correct reagent 
or product(s) omitted from the equation. 


PCC 


(а) CsH;CH»CH,0H СНС 
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(b) CgH3CH;CH;0H 


O А 
i 
сыбоснкн, < Y 


(с) СеН5СНСН,ОН (2 mol) а HO ? 
(d) CgHS3CH;CH;OH C;H5CH;CO;H 
(e) оо 


- id 
1. CH3$—0,. ССС 


Cg;H;CH;CH;0H 2. (CH3CH2)3N : 


3. Write the structure of the major organic product formed in the reaction of 2-propanol with 
each of the following reagents: 


(a) Sodium amide (NaNH,) 
(b) Potassium dichromate (K5Cr,O;) in aqueous sulfuric acid, heat 


(c) PDC in dichloromethane 


О 
|| 
Acetic acid (CH3;COH) in the presence of dissolved hydrogen chloride 


(е) ne за in the presence of pyridine 
T 
(Р) cmon ва in the presence of pyridine 


DANDI 
(g) CHxCOCCH; in the presence of pyridine 


(d 


Б 


+ - | || 
(А) Dimethylsulfoxide ((СНз)5 —О ), oxalyl chloride ( CIC—CCI) in cold dichloromethane, 


followed by triethylamine. 


4. Outline two synthetic schemes for the preparation of 3-methyl-1-butanol using different 
Grignard reagents. 


5. Give the structure of the reactant, reagent, or product omitted from each of the following. 
Show stereochemistry where imporíant. 


OH 
H ню, 
(а) CX ? 
CH; 


O^ "CH, 


О50,, (CH3)3COOH 


— 2,3-butanediol (chiral diastereomer) 
(CH3,COH, HO 
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6. Give the reagents necessary to carry out each of the following transformations: 
(a) Conversion of benzyl alcohol (CgH;CH,OH) to benzaldehyde (Cc Hs CHO) 
(b) Conversion of benzyl alcohol to benzoic acid (СЕН СОН) 
(c) Conversion of H5 C—CHCH;CH;CO;H to H, C=~CHCH, CH, CH, OH 


(d) Conversion of cyclohexene to cis-1,2-cyclohexanediol 


7. Provide structures for compounds A to C in the following reaction scheme: 


K3CrO CH3OH, Н+ 
A(C3Hi202) qe go” ВСЈНЕОз) === C(CeHie0) 
Н* heat : о“ 
AS А + СН.ОН 
H;C^ No 


8. Using any necessary organic or inorganic reagents, outline a scheme for each of the 
following conversions. 


О 
|| 
(a) (CH39C— CHCH; (CH39CHCCH; 
i i 
? 
фу Dau — [>—ссн,сн» 
(с) CsH5CH, Cc;H5CH;CH5CO;CH;CH; 
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CHAPTER 16 


Ethers, Epoxides, and Sulfides 


SOLUTIONS TO TEXT PROBLEMS 


16.1 (b) Oxirane is the IUPAC name for ethylene oxide. A chloromethy! group ( CICH?—- ) is attached to 
position 2 of the ring in 2-(chloromethyloxirane. 


3 2 
со CH: H2C— CHCH2CI 
О 
Oxirane 2-(Chloromethyl)oxirane 


This compound is more commonly known as epichlorohydrin. 


(c) Epoxides may be named by adding the prefix epoxy to the IUPAC name of a parent compound, 
specifying by number both atoms to which the oxygen is attached. 


CH4CH;CH—CH; H;C—CHCH-CH; 


1-Butene 3,4-Epoxy-1-butene 


16.2 1,2-Epoxybutane and tetrahydrofuran both have the molecular formula C4H3O (that is, they are 


constitutional isomers) and so it is appropriate to compare their heats of combustion directly. Angle 
strain from the three-membered ring of 1,2-epoxybutane causes it to have more internal energy than 
tetrahydrofuran, and its combustion is more exothermic. 


H;C.—CHCH;CHs p 
О 


О 
1,2-Epoxybutane; Tetrahydrofuran; 
heat of combustion 2546 kJ/mol heat of combustion 2499 kJ/mol 
(609 kcal/mol) (597 kcal/mol} 
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16.3 Ethers can form hydrogen bonds to water, alkanes cannot; therefore, the compound that is more soluble 
in water is the ether. 


$ 5+ oe 
.О.--- -H— Og 
О H 


Cyclopentane Tetrahydrofuran Hydrogen bonding between 
(less soluble in water) (more soluble in water) tetrahydrofuran and water 


16.4 The compound is 1,4-dioxane; it has a six-membered ring and two oxygens separated by H;C— CH; units. 
ZON 
О О 
NX yf 


1,4-dioxane 
("6-crown-2") 


16.5 Protonation of the carbon—carbon double bond leads to the more stable carbocation. 


(CH3),C=CH, + H* ссн) Сн; 


2-Methylpropene tert-Butyl cation 


Methanol acts аз a nucleophile to capture tert-butyl cation, 


ЖАУ, „СНз 
(CH3)2C--CH3 + О, 


+ 
(CH34C— OCH; 
H Н 


Deprotonation of ће alkyloxonium ion leads to formation of tert-butyl methyl ether. 


~ Й „а oe + 
(снузс- Сн + 300 (CH3);COCH; + ЊОСН; 
Hanes 


tert-Butyl methyl ether 


16.6 Tbe mecbanism is similar to the mechanism of halohydrin formation that is described in Chapter 6. Instead 
of H,O for balohydrin formation, ethanol attacks the halonium ion intermediate to give the ether product. 


trans-l -Ethox y-2-iodo- 
i-methylcyclohexane 


The key steps are the formation of the cyclic iodonium ion and ring opening with ethanol. 
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16.7 (a) Both alkyl groups in benzyl ethyl ether are primary; thus, either may come from the alkyl halide in a 
Williamson ether synthesis. The two routes to benzyl ethyl ether are 


C«H;CH;OCH;CH, + NaBr 


CgH;CH;ONa + СЊСЊВг 


Sodium benzyloxide Bromoethane Benzyl ethyl ether Sodium 
bromide 


C&H&CHjBr + СН.СН>ОМа СеН;СНОСН,СН: + NaBr 


Benzyl bromide Sodium ethoxide Benzyl ethyl ether Sodium 
bromide 


(b) Retrosynthetic analysis might suggest the two routes, A and B: 


78 А В eux 
(jë + XCH;CH-CH; == (у -осњсњењ => C 2 apr oe OCH;CH-CH; 


АНУ phenyl ether 


However, 542 reactions cannot occur with leaving groups bonded to sp? -hybridized carbons, so path A 
is the only viable option. 


16.8 (b) A primary carbon and a secondary carbon are attached to the ether oxygen. The secondary carbon 
can only be derived from the alkoxide, because secondary alkyl halides cannot be used in the preparation 
of ethers by the Williamson method. The only effective method uses an ау! halide and sodium 
isopropoxide. 


(CH3),CHONa + H)C=CHCH,Br 


H,C=CHCH,OCH(CH;), + NaBr 


Sodium isopropoxide Allyl bromide АНУ! isopropyl ether Sodium 
bromide 


Elimination will be the major reaction of an isopropyl halide with an alkoxide base. 


(c) Here the ether is a mixed primary-tertiary one. The best combination is the one that uses the 
primary alkyl halide. 


(CH;);COK + CsHsCH)Br (CH3);COCH2CsHs + KBr 


Potassium Benzyl bromide Benzyl tert-butyl ether Potassium 
tert-butoxide bromide 


The reaction between (CH3)3;CBr and C,H;CH,O7 is elimination, not substitution. 
16.9 (b) If benzyl bromide is the only organic product from reaction of a dialkyl ether with hydrogen 
bromide, then both alkyl groups attached to oxygen must be benzyl. 


HBr 


C;HSCH;OCH;CgHs — 


2C H,CHjBr + НО 
Dibenzyl ether Benzyl bromide Water 


(c) Because 1 mole of a dihalide, rather than 2 moles of a monohalide, is produced per mole of 
ether, the ether must be cyclic. 


C M BrCH;CH;CH;,CH;CHjBr + НО 
О 
Tetrahydropyran 1,5-Dibromopentane Water 


CHAPTER 16: Ethers, Epoxides, and Sulfides ` 451 


16.10 As outlined in Mechanism 16.1, the first step is protonation of the ether oxygen to give a dialkyloxonium ion. 


£7 78 CK ae TA 
0: + НЦ = -H +: 


Tetrahydrofuran Hydrogen Dialkyloxonium Iodide 
iodide ion ion 


In the second step, nucleophilic attack of the halide ion on carbon of the dialkyloxonium ion gives 
4-iodo-1-butanol. 


B + T 

Д: + . О —H " Pu RO SD 
lodide Dialkyloxonium 4-Iodo-1-butanol 

ion ion 


The remaining two steps of the mechanism correspond to those in which an alcohol is converted to an 
alkyl halide, as discussed in Chapter 4. 


4-Iodo-1-butanol Hydrogen 
iodide 


На“ ‘ 


V Pp . + Жи : БАУ К a Ф • э, 
. СОН» + . I. oe I: T H20; 
1,4-Diiodobutane Water 
16.11 Inasmuch as Sharpless epoxidation using diethyl (2R,3R)-tartrate yields (25,35)-2,3-epoxy-1-hexanol from 
trans-2-hexen-1-ol, the corresponding (25,35) tartrate will yield the mirror image epoxide. The product is 


(2R,3R)-2,3-epoxy-1-hexanol. 


16.12 The cis epoxide is achiral. It is a meso form containing a plane of symmetry. The trans isomer is chiral; 
its two mirror-image representations are not superimposable. 


Q О О 
КУ т ЈА J” JX% 
H4C'7 | Мсн. HC H H ‘CH, 
H : H H CH, HC H 
cis-2,3-Epoxy butane Nonsuperimposable mirror-image 
(Plane of symmetry passes (enantiomeric) forms of 
through oxygen and midpoint trans-2,3-epoxy butane 


of carbon-carbon bond.) 


Neither the cis nor the trans epoxide is optically active when formed from the alkene. The cis epoxide is 
achiral; it cannot be optically active. The trans epoxide is capable of optical activity but is formed as an 
optically inactive racemic mixture because achiral starting materials are used. 
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16.13 (b) Azide ion [zN-N-N:] is a good nucleophile, reacting readily with ethylene oxide to yield 
2-azidoethanol. 


HC CH, Мама 


ethanol-water 


N3CH;CH;OH 


Ethylene oxide 2-Azidoethanol 


(c) Ethylene oxide is hydrolyzed to ethylene glycol in the presence of aqueous base. 


HC СН» NaOH 


у TES HOCH;CH;OH 


Ethylene oxide Ethylene glycol 


(d 


М7 


Phenyllithium reacts with ethylene oxide in а manner similar to that of a Grignard reagent. 


— 1. СЕН, diethyl eth 
ЕС Сн; ea C&H4CH;CH;OH 


Ethylene oxide 2-Phenylethanol 


(e) The nucleophilic species here is the acetylenic anion CHCH C=C} , which attacks a carbon atom of 
ethylene oxide to give 3-hexyn-1-ol. 


Ho СН == СЊСЊСЕССЊСЊОН 


Ethylene oxide 3-Нехуп-1-01 (48%) 


16.14 Nucleophilic attack at C-2 of the starting epoxide will be faster than attack at C-1, because C-1 is 
more sterically hindered. Compound A, corresponding to attack at C-1, is not as likely as compound 
B. Compound B not only arises hy methoxide ion attack at C-2 but also satisfies the stereochemical 
requirement that epoxide ring opening take place with inversion of configuration at the site of substitution. 
Compound B is correct. Compound C, although it is formed by methoxide substitution at the less crowded 
carbon of the epoxide, is wrong stereochemically. It requires substitution with retention of configuration, 
which is not the normal mode of epoxide ring opening. 


16.15 Acid-catalyzed nucleophilic ring opening proceeds by attack of methanol at the more substituted carbon of 
the protonated epoxide. Inversion of configuration is observed at the site of attack. The correct product is 


compound A. 
T 

Кай CHOH ae Ht у 
a HO CH; HO CH; 
H 
Protonated Compound A 

form of 1-methyl-1,2- 
epoxycylopentane 


The nucleophilic ring openings in both this problem and Problem 16.14 occur by inversion of configuration. 
Attack under basic conditions by methoxide ion, however, occurs at the /ess hindered carbon of the epoxide 
ring, whereas attack by methanol under acid-catalyzed conditions occurs at the more substituted carbon. 
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16.16 Begin by drawing meso-2,3-butanediol, recalling that a meso form is achiral, The eclipsed conformation 
has a plane of symmetry. 


HO OH 
МС—С,, 
ні VH 
CH; CH; 


meso-2,3-Butanediol 


Epoxidation followed by acid-catalyzed hydrolysis results in anti addition of hydroxyl groups to the double 
bond. trans-2-Butene is the required starting material. 


n H3C 
H, CH; [l 0 HO НС H 
E х т \ + X 5 » 
„= HCOOH | wf «X e: _ 130" „ £6 
3 ; 
ie H CH; "én, Он 
trans-2-Butene trans-2,3-Epoxybutane meso-2,3-Butanediol 


Osmium tetraoxide dihydroxylation is a method of achieving syn dihydroxylation. The necessary starting 
material is cis-2-butene. 


О, Р 

HO OH 07 ^o 

У ар A (CH34COOH, OsO,(cat)_ N ЯК с а \ / 

ить (CH3)COH, HO” “СС̧, МСС, 
HC CH ну 2 H4 XH 
3 3 CH; СН; CH; CH; 


cis-2-Butene meso-2,3-Butanediol 
16.17 Reaction of (R)-2-octanol with p-toluenesulfonyl chloride yields a p-toluenesulfonate (tosylate) having 


the same configuration; the chirality center is not involved in this step. Reaction of the tosylate with a 
nucleophile proceeds by inversion of configuration in an $42 process. The product has the 5 configuration. 


WCE 9 Bc (0 
'C-OH + с—$ CH; C-0-8 -CH; 
CH3(CH54CH; 


/ 
CHX4CH).CH; © 


(R)-2-Octanol p-Toluenesulfonyl (R)-1-Methyiheptyl tosylate 
chloride 
њен © = cls 
f-o- an + СН;87 Ма" CoHsS—C 
CH3(CH2)4CH2 О CH2(CH2)4CH3 
(R)-1-Methytheptyl tosylate Sodium (S)-1-Methylheptyl phenyl sulfide 


Ђеплепе отаве 
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16.18 None of the carbons in omeprazole is a chirality center. The only chirality center is sulfur. In order of 
decreasing precedence, the groups attached to sulfur аге: О > C—N > CH». Consider sulfur’s unshared 
electron pair as its fourth and lowest-ranked *group." Use the structural formula given in the text and assume 
the unshared pair of sulfur points away from you. Therefore, oxygen points toward you as shown in the 
structure at the left. The order of decreasing precedence traces a clockwise patb making this the 
(R)-enantiomer. Convert it to the (S)-enantiomer (Nexium) by reversing the orientation of oxygen. 


НС OCH; H3C OCH; 
/ N CH; / \ CH3 
N= N= 
СНзО N CH30 N 
COM "QOO 
Nov Noo 
H H 
(R)-Omeprazole (S)-Omeprazole 


16.19 As shown in the text, dodecyldimethylsulfonium iodide may be prepared by reaction of dodecyl methyl 
sulfide with methyl iodide. An alternative method is the reaction of dodecyl iodide with dimethy! sulfide. 


(CHabS + СИАСНо) СНІ 


n 2 
CH3(CH2)49CH2S (СНз) I 


Dimethyl Dodecyl iodide Dodecyldimethylsulfonium 
sulfide iodide 


The reaction of a sulfide with an alkyl halide is ап 5,2 process. The faster reaction will be the one that uses 
the less sterically hindered alkyl halide. The method presented in the text will proceed faster. 


16.20 The molecular ion from sec-buty! ethyl ether can also fragment by cleavage of a carbon-carbon bond in its 
ethyl group to give an oxygen-stabilized cation of m/z 87. 


n C сну {у—-снсн,сн; СНз + HxC=Q—CHCH,CH; 
CH; CH; 
m/z 87 


16.21 АП the constitutionally isomeric ethers of molecular formula С;Н 0 belong to one of two general groups: 
CH4OC4H, and CH4CH;OC4H;. Thus, we have 


CH3OCH;CH2CH;CHa CHOCHCH;CHs 
CH; 
Butyl methyl ether sec-Butyl methyl ether 
CH3OCH;CH(CH3); CH30C(CH3)3 
Isobutyl methyl ether tert-Butyl methyl ether 


CH3CH;OCH;CH;CH4 and CH3CH;OCH(CH3)5 
Ethy! propyl ether Ethyl isopropyl ether 


These ethers could also have been named as *alkoxyalkanes." Thus, sec-butyl methyl ether would become 
2-methoxybutane. 
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16.22 Isoflurane and enflurane are both halogenated derivatives of ethyl methyl ether. 


F НЕ 
| | | | 
Isoflurane: F—C-CH—-O-CHE, Enflnrane: CI-€-C-0-CHE 
F Cl F F 
1-Chloro-2,2,2-trifluoroethy] 2-Chloro-1,1,2-trifluorocthyl 
difluoromethyl ether difluoromethyl ether 


16.23 (a) The parent compound is cyclopropane. It has a tbree-membered epoxide function, and thus 
a reasonable name is epoxycyclopropane. Numbers locating positions of attachment (as in 
“1,2-ерохусус!оргорапе”) are not necessary, because no other structures (1,3 or 2,3) are possible here. 


О 
Epoxycyclopropane 


(b) The longest continuous carbon chain has seven carbons, and so the compound is named as a derivative 
of heptane. The epoxy function bridges C-2 and C-4. Therefore 


1 1 
НС | "E E. 
CH;CH;CH; 
HiC `o 
is 2,4-epoxy-2-methylheptane. 


(c) The oxygen atom bridges the C-1 and C-4 atoms of a cyclohexane ring. 


1,4-Epoxycyclohexane 


(d 


~ 


Eight carbon atoms are continuously linked and bridged by an oxygen. We name the compound as an 
epoxy derivative of cyclooctane. 


1,5-Epoxycyclooctane 
16.24 The ethers that are to be prepared are 
—CH30CH3CH3CH;......CH30CH(CH3),.....and.... CH3CH50CH5CH43 
Methyl propyl cther Isopropyl methyl ether Diethyl ether 


First examine the preparation of each ether by the Williamson method. Methyl propyl ether can be prepared 
in two ways: 


456 
СНзОМа + CH3CH2CH2Br 


Sodium 1-Втолюргорапе 
methoxide 


CH;Br + CH;CH;CH;ONa 


Methyl Sodium propoxide 
bromide 
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CH,0CH,CH>CH3 


Methyl propyl ether 


CH3OCH3CH;CH3 


Methyl propyl ether 


Either combination is satisfactory. The necessary reagents are prepared as shown. 


CHOH — № 
Methanol 
PB 
CH3CH,CH,OH -o Em 
1-Propanol 
PBra 
СНзОН (or HBr) 
Methanol 
Na 


CH,CH,CH,OH ——%— 


1-Propanol 


CH40Na 


Sodium 
methoxide 


CH34CH;CH;Br 


1-Bromopropane 


CH3Br 


Methyl 
bromide - 


CH4CH5;CH;ONa 


Sodium propoxide 


Isopropyl methyl ether is best prepared by the reaction 


CHBr + (CH44CHONa 


Methyl bromide Sodium isopropoxide 


CH3OCH(CH3), 


Isopropyl methyl ether 


The reaction of sodium methoxide with isopropyl bromide will proceed mainly by elimination. Methyl 
bromide is prepared as shown previously; sodium isopropoxide can be prepared by adding sodium to 


isopropyl alcohol. 


Diethyl ether may be prepared as outlined: 


CH,CHOH —№ 
Ethanol 
PB їз 
CH3CH,0H or HBD HBr) 
Ethanol 


СНзСН,ОМа + CH3CH2Br 


Sodium ethoxide Ethyl bromide 


CH3CH20Na 
Sodium ethoxide 
СНзСН2Вг 
Ethyl bromide 
CH3;CH,0CH2,CH; + NaBr 


Diethyl ether Sodium 
bromide 
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16.25 (a) Secondary alkyl halides react with alkoxide bases by E2 elimination as the major pathway. 
The Williamson ether synthesis is not a useful reaction with secondary alkyl halides. 


CH,CH;CHCH; + (Ув CH;CH;CHCHs + ( ) + NaBr 


ONa OH 


Sodium 2-butanolate Bromocyclohexane 2-Butanol Cyclohexene Sodium 
bromide 


(b) Sodium alkoxide acts as a nucleophile toward iodoethane to yield an alkyl ethyl ether. 


снзсн, СНз CH,CH; GMs 
C-0 Na’ + CH4CHI C—OCH;CH; 
H H 


(R)-2-Bthoxybutane 


The ether product has the same absolute configuration as the starting alkoxide because no bonds 
to the chirality center are made or broken in the reaction. 


(c) Vicinal halohydrins are converted to epoxides on heing treated with base. 
CH;CHCHCHBr Маон CH;CH;CH- CH; В: CH;CH;CH—CH; 
OH {05 о 
1-Bromo-2-butanol i,2-Epoxybutane 


(d) The reactants, an alkene plus a peroxy acid, are customary ones for epoxide preparation. The reaction is 
a stereospecific syn addition of oxygen to the double bond. 


ye 00 PU | 
је о ни. € Soon + Е 


H H H O H 


(Z)-1-Phenylpropene Peroxybenzoic acid cis-2-Methyl-3- Benzoic acid 
phenyloxirane 


(e) Azide ion is a good nucleophile and attacks the epoxide function. Substitution occurs at carbon with 
inversion of configuration. The product is trans-2-azidocyclohexanol. 


NU H 
NaN; 
О А 
A dioxane—water 
H 
],2-Bpoxycyclohexane trans-2- 


Azidocyclohexanol (61%) 
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(f) Ammonia is a nucleophile capable of reacting with epoxides. It attacks the less hindered carbon of the 
epoxide function. 


Br Br 
NH3 
methanol NH 
Их 
HC © НС ОН 
2-(e-Bromopheny})-2- 1-Amino-2-(o-bromophenyl)- 
methyloxirane 2-propanol 


Aryl halides do not react with nucleophiles under these conditions, and so the bromine substituent on the 
ring is unaffected. 


(g) Methoxide ion attacks the less substituted carbon of the epoxide ring with inversion of configuration. 


*ОСНз 
ГА OCH; 
CN CH40H М 
О ње 
"hs, —ОН 
CH2C.H; 


CHCH; 
1-Benzyl-1,2- 1-Benzyl-trans-2- 
epoxycyclohexane methoxycyclohexanol (98%) 


(А) Under acidic conditions, substitution is favored at the carbon that can better support a positive charge. 
Ary? substituents stabilize carbocations, making the benzylic position the one that is attacked in an aryl 
substituted epoxide. 


Cl 
cH—cH, Н CHCH,OH 
хи СНС 2 
О 
2-Phenyloxirane 2-Chioro-2-phenylethanol (71%) 


(Ð Lithium aluminum hydride reduces epoxides to alcohols, and hydride is transferred to the less substituted 
carbon of the epoxide ring. The alkene double bond is not reduced by LiAIH,. 


CH 
? 1. LiAIH,, diethyl ether И 
= 2. 0 
> но’ “CH=CH, 
3,4-Epoxy-3-methyl-1-butene 2-Methyl-3-buten-2-ol 


(7) Tosylates undergo substitution with nucleophiles such as sodium butanethiolate. 


CH4CH;CH;CH5SCH(CH5)4 СНз 


CH3(CH2);6CH20Ts + CH34CH;CH;CH5SNa 
Octadecyl tosylate Sodium butanethiolate Butyl octadecyl sulfide 


(k) Nucleophilic substitution proceeds with inversion of configuration. 


C&H; C&Hs 
H en C&HsS- Ма“ CHs 
Ci H H СЕН; 
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16.26 Protonation of oxygen to form an alkyloxonium ion is followed by loss of water. The resulting carhocation 
has a plane of symmetry and is achiral. Capture of the carbocation hy methanol yields both enantiomers of 
2-methoxy-2-phenylbutane. The product is racemic. 


CHs CH; CHCH, 
CH3CH2 а = Ht CH3CH, „© + -HjO - 4 а 
СОН С—Он; С 
| 
SS еп Сена 
(R)-(+)-2-Phenyl-2-butanol (Achiral carbocation) 
CH,0H 
(Н?) 
CH HC 
CHCH, А 3 3 АСН:СНА 
Сосн; + СНОС 
C6H5 Сена 


2-Methoxy-2-phenylbutane (racemic) 


16.27 The best approach to this problem is to first write the equations in full stereochemical detail. 


H H 
(a) v 7-085 HOCH;—C 
О ОН 
(R}-1,2-Epoxypropane (R)-1,2-Propanediol 


It now becomes clear that the arrangement of groups around the chirality center remains unchanged in 
going from starting materials to products. Therefore, choose conditions such that the nucleophile attacks 
the CH, group of the epoxide rather than the chirality center. Base-catalyzed hydrolysis is required; 


aqueous sodium hydroxide is appropriate. 


The nucleophile (hydroxide ion) attacks the less hindered carbon of the epoxide ring. 


H Он 
(b) v 7708 HOCH;— <». 
9 CH, 


(S)-1,2-Propanediol 


Inversion of configuration at the chirality center is required. The nucleophile must therefore attack 
the chirality center, and acid-catalyzed hydrolysis should be chosen. Dilute sulfuric acid would be 
satisfactory. 
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:OH; 
HCH; s OH 
^C 2 X 
ное по НОСН;—С,, 
OP \ н 
| CH; 
H 


The nucleophile (a water molecule) attacks that carbon atom of the ring that can better support a positive 
charge. Carbocation character develops at the transition state and is better supported by the carbon atom 
that is more highly substituted. 


16.28 The fact that 1,2-dibromohexane is not converted to 1-bromo-2-methoxyhexane rules out the possibility of an 
5м1 reaction from the dibromide product: 


CH 30H T BrCH;C HCH5CH4CH43CH; —L BrCH 2,CHCH3CH5CH;C H3 
| | 
Вг OCH; 


The mechanism is similar to the mechanism of halohydrin formation that is described in Chapter 6. A 
bromonium ion intermediate is formed in the first step of the mechanism. 


:Вг- Ве ыр & 
“э 
H,C—CHCH,CH,CH,CH; + ‘Br: 


ab он 


This reactive bromonium ion is then attacked by methanol. So instead of using Н,О as done in halohydrin 
formation, methanol attacks the bromonium ion intermediate to give the ether product. 


+ oe oe 
“Br? : Br: :Вг: 
ÁN | | 
ЊС—СНОСЊСЊСЊСН —* H,C—CHCH,CH,CH,CH, — H;C—CHCH5CH;CH5CH; 
ey) 
CH3;O- CH4O: + BH 
зУ Н :B Зз; 
CH,OH 


16.29 (a) All the methods that we have so far discussed for the preparation of epoxides are based on alkenes 
as starting materials. This leads us to consider the partial retrosynthesis shown. 


Ce, COL. 2 Che 


Сен 


Target molecule Key intermediate 


The key intermediate, 1-phenylcyclohexene, is both a proper precursor to the desired epoxide and readily 
available from the given starting materials. A reasonable synthesis is 


n 
H* CHCOOH О 
OH heat 
C6H5 C6H5 


Се 


Preparation of the required tertiary alcohol, i-phenylcyclohexanol, completes the synthesis. 
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OH 
K5Cr;0; О 
H5SO,, H20 


Cyclohexanol Cyclohexanone 
C6H5 
Е. Mg, dicthyl ether OH 
газон ОТОУ ДЫТ. 
СеН5Вг 2. cyclohexanone 
3. ЊО" 
Bromobenzene |-Phenylcyciohexanol 


(b) The necessary carbon skeleton can be assembled through the reaction of a Grignard reagent with 


(c) 


1,2-epoxypropane. 


s o 
B их 
CeH;CH;CHCH4 => СЕНУ + HjC—CHCHs 


The reaction sequence is therefore 


CsHsMgBr + — H,C—CHCH; CeHsCH)CHCH, 
OH 
Phenylmagnesium 1,2-Ерохургораве 1-Phenyl-2-propanol 


bromide 
(from bromobenzene 
and magnesium) 


The epoxide required in the first step, 1,2-epoxypropane, is prepared as follows from isopropyl alcohol: 


|| 
CH3COOH 
—— M 


Н250. 
CH;CHCH; RUE CH,;CH=CH) CHCH CH, 
OH 
2-Propanol Propene 1,2-Epoxypropane 


(isopropyl alcohol) 


Because the target molecule is an ether, it ultimately derives from two alcohols. 
CeHsCH)CH)CH,OCH2CH; => C,H&CH;CH;CH;OH + CH;CH,OH 


Our first task is to assemble 3-phenyl-1-propauol from the designated starting material benzy! alcohol. 
This requires formation of a primary alcohol with the original carbon chain extended by two carbons. 
The standard method for this transfurmation involves reaction of a Grignard reagent with ethylene oxide. 


PBr3 | 1, Mg, diethyl ether 
C.eHsCH20H or HBr CeHsCH2Br 2. H;C- CH; C;HSCH;2CH;?CH;0H 
О 
3. H30* 
Benzyl alcohol Benzyl bromide 3-Phenyl-1-propanol 


After 3-phenyl-1-propanol has been prepared, its conversion to the corresponding ethyl ether can be 
accomplished in either of two ways: 
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PBr3 
or HBr 


N aOCH;CH; 
ethanol 


CsHsCH,CH,CH,OH CgHSCH;CH;CH;Br СЕНСЊСЊСЊОСЊСЊ 


3-Phenyl-1-propanol 1-Bromo-3-phenylpropane Ethyl 3-phenylpropyl ether 


or alternatively 


1. Na 


CgH5CH;9CH;CH;0H 2. CHCHjBr- 


CsHsCH2CH»CH,0CH,CH3 
3-Phenyl-1-propanol Ethyl 3-phenylpropy! ether 


The reagents in each step are prepared from ethanol. 


сњсњон —№ CH4CH;ONa 
d 2 
Ethanol Sodium ethoxide 
сњсњон —Ё®®-„  CH,CHjBr 
Ethanol Ethyl bromide i 


(d) The target epoxide can be prepared in a single step from the corresponding alkene. 


T 
CH4COOH 
CHCOOH 
O 


Bicyclo[2.2.2]oct-2-ene 2,3-Epoxybicyclo[2.2.2]octane 


Disconnections show that this alkene is available through a Diels—Alder reaction. 


yo => (ene 


The reaction of 1,3-cyclohexadiene with ethylene gives the desired substance. 


C + H,C=CH) 


1,3-Cyclohexadiene Ethylene Bicyelo[2.2.2]oct-2-ene 


1,3-Cyclohexadiene is one of the given starting materials. Ethylene is prepared from ethanol. 


H5S04 
heat 


CHaCH;0H H;C—CH; 
Ethanol Ethylene 


(e) Retrosynthetic analysis reveals that the desired target molecule may be prepared by reaction of 
an epoxide with an ethanethiolate ion. 


VEN 
CcH;CHCH,SCH;CH; > СеН;СН-СН + ~SCH»CH, 
OH 


Styrene oxide may be prepared by reaction of styrene with peroxyacetic acid. 
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О 
i 
СеН;СН= СН, + CH4COOH 


£X 
CsHsCH-CH, + CH4CO;H 


Styrene Peroxyacetic Styrene oxide Acetic acid 
acid 


The necessary thiolate anion is prepared from ethanol by way of the corresponding thiol. 


1. HBr 
2. NaSH 


NaOH 


CH4CH;OH CH4CH;SH CH3CH;SNa 


Ethanol Ethanethiol Sodium ethanethiolate 


Reaction of styrene oxide with sodium ethanethiolate completes the synthesis. 


OH 


| 
CH;CH;OH, | СНАСНСН5СНСНА 


ZN 
СеН5СН-СН + CH4CH5SNa 
Styrene oxide Sodium ethanethiolate 


16.30 The simplest approach to this problem is to recognize that no bonds to the chirality center are made 
or broken beginning with (S)-glycidol. The bond to the chirality center projects outward from the 
paper in all the intermediates in the synthesis. The propranolol produced has the (5)-configuration. 


6 
О 
Эм. он OH 


о NE NHCH(CH3)2 


(S)-Glycidol (S)-Propranolol 


16.31 Compound A can be converted into a toluenesulfonate ester, compound B, with toluene sulfonyl chloride and 
pyridine. 


Я pyridine Ё 


f “OCH; г “OCH; 
(CH3CH)3SiO (CH3CH2);SiO 


Compound A Compound B, 
a toluene sulfonate ester 


In the presence of base, compound B undergoes an intramolecular Sy2 reaction to displace toluene sulfonate 
and form the expoxide. 


|| vs KCO 
a 8. methanol 
Ó 5 
(CH3CH))3Si0 (CH;CH,);Si0 


Compound B 
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ГА 


| f “OCH; 


: “OCH, (CH3CH2)4SiÓ 
(CH3CH2)3Si0 


16.32 A bromonium ion is formed, followed by intramolecular attack by the alcohol functional group to form the 
five-membered cyclic ether. 


= ГА - 
CH, СМ он н›с—СЇ Ибн + Br 
1s katie „г 
te cle “Br: Es T 


РИМ С S 
| qe S z-— a n 
С—С „ч „ОН 


16.33 Organolithium reagents react readily with the carbonyl group of ketones. The intermediate alkoxide ion can 
then undergo an intramolecular displacement of chloride to give the observed epoxide product. 


MAL 
COFGSEEGCIDOECSCOPOCHA АЕН t ESTER 
Cl Li 
(Hs 50: ТВ О 
CgHsSCH;CHoCH— Сенна CeH3CH;CH;CH—CCH;CH;C—C(CH3); 
Cle 
С. ве С 
oy NS 
HC “н, HC "CH, 
16.34 (a) The first step is a standard Grignard synthesis of a primary alcohol using formaldehyde. Compound A is 
3-buten-i-ol. 
1.М 
H C=CHCH;Br Rts ig H3C-—CHCH;3CH;OH 
3. H,0* 
АПУ bromide 3-Buten-1-ol 


(compound A) 


Addition of bromine to the carbon-carbon double bond of 3-Бщеп- 1-01 takes place readily to yield the 
viciual dibromide. 
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H,C=CHCH,CH,OH BiCH;CHCH;CH;OH 
Br 
3-Вщеп- l -oł 3,4-Dibromo-1-butanol 


(compound B} 


When compound B is treated with potassium hydroxide, it loses the elements of HBr to give compound 
C, Because further treatment of compound C with potassium hydroxide converts it to D by a second 
dehydrobromination, a reasonable candidate for C is 3-bromotetrahydrofuran. 


Br 
| кон кон 
BrCH:CHCH,CH20H 5e | \ H d 
Br О О 
3,4-Dibromo-1-butanol 3-Bromotetrahydrofuran Compound D 
(compound B) (compound C) 


Ring closure occurs by an intramolecular Williamson reaction. 


Br А Вг 
~ KH CH; 
BrCH,CHCH,CH,OH = ВСН SCH 
: QM | 
Br "vs O 
Compound B Compound C 


Dehydrohalogenation of compound C converts it to the final product, D. 


The alternative series of events, in which double-bond formation precedes ring closure, is unlikely, 
because it requires nucleophilic attack by the alkoxide on a vinyl bromide, 


BrCH,CHCH;CH;OH KOH BrCH=CHCH,CH,0H === в 
Br -О 


(Cyclization of this 
intermediate 
does not occur.) 


(b) Lithium aluminum hydride reduces the carboxylic acid to the corresponding primary alcohol, compound 
E, Treatment of the vicinal chlorohydrin with base results in formation of an epoxide, compound F. 


CO;H CH;OH HCH A 
1. МАНА " so KOH 
ан Zug сн = C-CH0H =o неСс—СЊ 
CH; CH; Cl HC 
£$)-2-Chlore-1-propanel : o (ВУ 2-Ерохуркорапе. 
(compound E) (compound F) 


As actually carried out, the first step proceeded in 56-58% yield, the second step in 65-70% yield. 
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(c) Treatment of the vicinal chlorohydrin with base results in ring closure to form an epoxide (compound 
G). Recall that attack occurs on the side opposite that of the carbon—chlorine bond. Compound а 
undergoes ring opening on reaction with sodium methanethiolate to give compound H. 


CH; Н.С 
Н 3 
НЕ = НО “НС н ^N 
= С—С uc С» СН 
H OH нч а 4 мз 
CH; CH3 s 
(2R,3S)-3-Chloro-2-butanol trans-2,3-Epoxybutane 
(compound G) 
О Ho HC 
/\ NaSCH; \ SH 
H “С Cog, н“С—С 
4 у / SCH 
Н.С НзС ; 
Compound G Compound H 


(d) Because it gives an epoxide on treatment with a peroxy acid, compound I must be an alkene; more 
specifically, it is 1,2-dimethylcyclopentene. 


il 
СЕНСООН - 
uM НзС CH; 
H3C CH; О 
{,2-Dimethylcyclopentene 1,2-Epoxy-1,2- 
(compound Г) dimethylcyclopentane 
(compound K) 


Compounds J and L have the same molecular formula, СУН 404, but J is a liquid and L is a crystalline 


solid. Their molecular formulas correspond to the addition of two OH groups to compound I. Osmium 
tetraoxide brings about syn dihydroxylation of an alkene; therefore, compound J must be the cis diol. 


OsO4 
(CH3COOH HC CH; 
(CH;);COH, HO- 
Н.С CH; HO OH 
1.2-Dimethyicyclopentene cis-1,2-Dimethylcyclopentane- 
(compound 1) 1,2-diol (compound J) 


Acid-catalyzed hydrolysis of an epoxide yields a trans diol (compound L): 


HO CH; 


trans-1,2-Dimethylcyclopentane- 
1,2-diol (compound L) 
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16.35 Cineole contains no double or triple bonds and therefore must be bicyclic, on the basis of its molecular 
formula (С ,„Н, 50, index of hydrogen deficiency = 2). When cineole reacts with hydrogen chloride, 
one of the rings is broken and water is formed. 


i 
H43C—C—CH; 
Стеоје + 2НСІ + H,O 
Ci СН; 
(CoH g0) (CioHigCh) 


The reaction that takes place is hydrogen halide-promoted ether cleavage. In such a reaction with excess 
hydrogen halide, the C~O—C unit is cleaved and two carbon-halogen bonds are formed. This suggests 


that cineole is a cyclic ether because the product contains both newly formed carbon-halogen bonds. 
A reasonable structure consistent with these facts is 


H3C СНз 


СН; 
Cineole 


16.36 Recall that p-toluenesulfonate (tosylate) is a good leaving group in nucleophilic substitution reactions. 
The nucleophile that displaces tosylate from carbon is the alkoxide ion derived from the hydroxyl group 


within the molecule. The product is a cyclic ether, and the nature of the union of the two rings is that 
they are spirocyclic. 


COTs 
.. ZR Hs 
ОН "О: єн, 
CH;CH;CH;OTs base CH2 intramolecular 
СН; СН; nucleophilic 


C6H5 


substitution 


Cis5H90 


16.37 Lithium aluminum deuteride(LiAID 4) will transfer a deuterium from the side of the ring opposite the 
oxygen of the epoxide. 


он 


"О S 
ньо ( L ШАШЫ. diethyl ether (CH3)3C - > D 
· 112 
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The tert-butyl group has the greatest preference for an equatorial orientation, so the deuterium will be axial in 


the most stable conformation of the product. 


DE D 


is the J£x7 
cise У зате а5 (САНС 3 


OH 
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16.38 (a) There are three methyl-substituted thianes, two of which are chiral, 


CH, 


2-Methylthiane 3-Methylthiane — 4-Methylthiane 
(chiral) (chiral) (achiral) 


(b) The locants in the name indicate the positions of the sulfur atoms in 1,4-dithiane and 1,3,5-trithiane. 


$ 4 

5 з 5g“ gs 

d zs dx 
S S 
i 1 

1,4-Dithiane — 1,3,5-Trithiane 


(c) Disulfides possess two adjacent sulfur atoms. 1,2-Dithiane is a disulfide. 


K 


S 


1,2-Dithiane 


(d) Two chair conformations of the sulfoxide derived from thiane are possible; the oxygen atom may be 
either equatorial or axial. 


16.39 Oxidation of 4-tert-butylthiane yields two sulfoxides that are diastereomers of each other. 


o- 
E | ee 


+ 


B nom 5: м 
нб И н. сенс #57 + (Hac / О 


4-tert-Butylthiane 


H202 


o- 
2+ 


| 
TR 
о 
(сну И 


Oxidation of both stereoisomeric sulfoxides yields the same sulfone. 
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16.40 (a) Recall (rom Chapter 6 (text Section 6.19) that epoxidation is a syn addition, and that substituents that 
are cis to each other in the alkene remain cis in the epoxide. 


H CH; О 
\ / T 17 
с=с Cl HET CH3 Cl 
H О Н 
|| CH;Cl || 
+ соон ~= + COH 
CH30 CH30 
(E)-1-(p-Methoxyphenyl)- m-Chloroperoxybenzoic acid trans-1,2-Epoxy-1- m-Chlorobenzoic 
propene (p-methoxyphenyl)propane acid 


(b) The splitting patterns allow assignment of the protons on the epoxide ring; the proton on C-1 is a 
doublet, whereas the proton on C-2 is split both by the proton on C-1 and the protons of the methyl 
group. The higher-field ring protons are those ortho to the electron-donating methoxy group. 


6 3.5 (doublet, 1H) 
О 
/\ 
H н GCH 


6 1.4 (doublet, ЗН) 


Н ~—8 3.0 (quartet of 


H H doublets, 1H) 
м. 


8 7.2 (doublet, 2H) 
СНО H 


6 6.9 (doublet, 2H) 
5 3.8 (singlet, ЗН) 


(c) From Table 13.3 in the text, you can see that the chemical shift range 6 55-60 in a Bo NMR spectrum 


is typical for carbon atoms adjacent to an oxygen. The thrce signals in this region of the Bo NMR 
spectrum of the epoxide arise from the two carbon atoms of the epoxide ring and the carbon of the 
methoxy group. 


(d) The molecular formula of the product formed under acidic conditions (CjgH450 4Cl) corresponds to 


addition of m-chlorobenzoic acid to the epoxide. Recall from text Section 16.13 that epoxides undergo 
acid-catalyzed ring opening. Because carbocation character develops at the transition state, substitution 
is favored at the carbon that can better support a developing positive charge. In this case, substitution 
occurs at the benzylic carbon. For clarity, the p-methoxyphenyl group has been abbreviated as Ar in the 
following mechanism, 


| co : H он 
C ie , Н nen -H* Arao (i 
Hy \ CH3 Hy \ CH3 / y CH3 
Ar H Ar H О 
н 
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16.41 Given the information specified in the problem (molecular formula and method of preparation), the only 


possible alcohols are 


i m n 
p X ec 
H OH OH H H 


1-Phenyl-1-propanol 1-Phenyl-2-propanol 2-Phenyl-1-propanol 


The H—C-——O signals in both spectra are in the 8 4—5 range and integrate for one proton. Therefore, we can 
eliminate 2-phenyl-1-propanol from consideration because its CH,O group requires two protons. 


The signal for the CH4 group in compound A appears as a doublet at 1.2. This is consistent with 
compound A being 1-phenyl-2-propanol. Likewise, the signal for its Н—С— О proton is consistent with the 
multiplet at 6 4 because this proton is coupled to five vicinal protons. 

This leaves 1-phenyl-1-propanol as compound B, which is consistent with the NMR spectrum. The CH, 
signal is a triplet indicating that CH; is adjacent to CH. The same applies to the triplet for the H—C—O 
proton at 64.5. 

To give 1-phenyl-2-propanol (compound A) as the product formed by the reaction of phenyllithium with 
1,2-ерохургорапе, phenyllithium must have attacked the CH, group of the epoxide. 


H,C—CHCH; 1. diethyl ether 


СеН511 + \/ 2 но Sed MON 


OH 


The same is true for the formation of 1-phenyl- 1-propanol (compound B) from the reaction of methyllithium 
with styrene oxide. Methyllithium must have attacked the CH, group of the epoxide. 


1. diethyl ether 
= CH3CH;5CHC&H 
2. н.о" 3 7 6115 


CH3Li + ме НЕЕ 
OH 
The generalization we can draw from these experiments is that when organolithium reagents react with 
unsymmetrical epoxides, they attack the less crowded carbon of the ring. In this respect, the reactions 
resemble 52 processes. 


16.42 A good way to address this problem is to consider the dibromide derived by treatment of compound A with 


hydrogen bromide. The presence of an NMR signal equivalent to four protons in the aromatic region at 6 7.3 
indicates that this dibromide contains a disubstituted aromatic ring. The four remaining protons appear as a 
sharp singlet at 6 4.7 and are most reasonably contained in two equivalent methylene groups of the type 
ArCH)Br. Because the dibromide contains all the carbons and hydrogens of the starting material and is 


derived from it by treatment with hydrogen bromide, it is likely that compound A is a cyclic ether in which a 
CHOCH, unit spans two of the carbons of a benzene ring. This can occur only when the positions involved 


are ortho to each other. Therefore 


CH; СН,Вг 
О + 2HBr + HO 
CH; CHjBr 


851 847 
Compound A 
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16.43 The molecular formula (C,5H, 4BrO) indicates an index of hydrogen deficiency of 4. One of the products 
obtained on treatment of the compound with HBr is benzyl bromide (СеН;СН,Вг), which accounts for 
seven of its ten carbons and all the double bonds and rings. Thus, the compound is a benzyl ether having 
the formula CCH;CH5OC,SH,&Br. The Н NMR spectrum includes a five-proton signal at 6 7.4 for a 
monosubstituted benzene ring and a two-proton singlet at 6 4.6 for the benzylic protons. This singlet 
appears at low field because the benzylic protons are bonded to oxygen. 


HBr 
heat 


Co;H5CH;OC4HgBr СеН5СНВг + СзНеВљ 


The six remaining protons appear as two overlapping two-proton triplets at 6 3.6 and 3.7, along with 
а two-proton pentet at 6 2.2, consistent with the unit —OCH,CH»CH2Br. The compound is 
СеН5СН,ОСН,СН,СН,Вг. 


16.44 The high index of hydrogen deficiency (5) of the unknown compound СН 0 and the presence of 


six signals in the б 120—140 region of the 13C NMR spectrum suggests the presence of an aromatic ring. 
The problem states that the compound is a cyclic ether; thus, the oxygen atom is contained in a second 
ring fused to the benzene ring. As oxidation yields 1,2-benzenedicarboxylic acid, the second ring must 
be attached to the benzene ring by carbon atoms. 


C COH 
Ма›Сг›О» 
H2504, H20, heat 
С CO;H 


{CoH 190} ],2-Benzenedicarbox ylic acid 


Two structures are possible with this information; however, only one of them is consistent with tbe presence 
of three CH, groups in the ІС NMR spectrum. The compound is 


5 68 
CH3 


/ 
QO 
not O 


ANSWERS TO INTERPRETIVE PROBLEMS 


16.45 C; 16.46 B; 16.47 B; 16.48 A; 16.49 C; 16.50 D 


SELF-TEST 


1. Write the structures and give a correct name for all tbe isomeric ethers of molecular formula СН 90. 


2. Give the structure of the product obtained from each of the following reactions. Show stereochemistry 
where it is important. 
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H CH; 
С—он 1. Na 9 

(a) CH3CHz' 4 2. CHE (d) о Сс, „ 

СНз CH3CH;0H с 

CH; 
| 
CH4CH;Br 
(b) (Z)-2-butene Yuste. ? (е) С;Н55Ма =? 
. 93 

и. № 

(с) СеНсн—Сн, = ? ) Product of part (e) LSU y 
6Hs 


Outline a scheme for the preparation of cyclohexyl ethyl ether using the Williamson method. 


Outline a synthesis of 2-ethoxyethanol, CH,CH,OCH,CH,OH, using ethanol as the source of all the 
carbon atoms. 


Provide the reagents necessary to complete each of the following conversions. In each case, give the 
structure of the intermediate product. 


HO в HO SCH, 
(a) Q3 eod И 
єн; Сн, 
x 
CH; Сн» 


Provide structures for compounds A and B in the following reaction scheme: 


О 
| 
( оси, Ro А (СТО) + CH4OH 


1. Na 
—— 
2. CHCH; 


A B (СоН120) 


Using any necessary organic or inorganic reagents, provide the steps to carry out the following 
synthetic conversion: 


О H3C OH 


Give the final product, including stereochemistry, of the following reaction sequence: 


Br; NaOH МН» 9 
НО H,0 Но à 


H3C 


CHAPTER 17 


Aldehydes and Ketones: Nucleophilic 
Addition to the Carbonyl Group 


SOLUTIONS TO TEXT PROBLEMS 


17.1 (b) The longest continuous chain in glutaraldehyde has five carbons and terminates in aldehyde functions at 
both ends. Pentanedial is an acceptable IUPAC name for this compound. 


Шо 3 4 ll 
HCCH;CH;CH;CH 
 Pentanedial (glutaraldehyde) 


(c) The three-carhon chain has hydroxy groups on C-2 and C-3. The aldehyde function is at C-1 and is not 
numbered. 


n 
HOCH,CHCH 
OH 


2,3-Dihydroxy propanal 
(glyceraldehyde) 


(d) Vanillin can be named as a derivative of benzaldehyde. Remember to cite the remaining substituents in 


HO CH 
CH3O 


4-Hydroxy-3-methoxybenzaldehyde 
(vanillin) 
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17.2 (b) First write the structure from the name given. Ethyl 15оргору! ketone has an ethyl group and an isopropyl 
group bonded to a carbonyl group. 
T 
CH;CH;CCHCH; 
СНз 


The substitutive name of ethyl isopropyl ketone is 2-methyl-3-pentanone. Its longest continuous chain 
has five carbons. The carbonyl carbon is C-3 irrespective of the direction in which the chain 

is numbered, and so we cboose the direction that gives the lower number to the position that bears the 
methyl group. Alternatively, the ketone can be named 2-methylpentan-3-one. 


(c) Methyl 2,2-dimethylpropyl ketone has a methyl group and a 2,2-dimethylpropyl group bonded 
to a carbonyl group. 
| С 
ОРСОН СК 
СНз 
The longest continuous chain has five carbons, and the carbonyl carbon is C-2. Thus, the 


substitutive name of methyl 2,2-dimethylpropyl ketone is 4,4-dimethyl-2-pentanone or 
4,4-dimethylpentan-2-one. 


(d) The structure corresponding to allyl methyl ketone is 
i 
CH3CCH;CH—CH3 


Because the carbonyl group is given the lowest possible number in the chain, the substitutive 
name is 4-penten-2-one, not 1-penten-4-one. An alternative name is pent-4-en-2-one. 


17.3 The carbonyl oxygen of an aldehyde and a proton of water can form a hydrogen bond. The hydrogen 
bond between benzaldehyde and water can be represented as 


203 ------ н-0: 
|| x 

CH H 
Benzaldehyde Water 


17.4 Catalytic hydrogenation cannot reduce carboxylic acids to alcohols. Lithium aluminum hydride is the only 
reagent we have discussed that is capable of reducing carboxylic acids (text Section 15.3). 


17.5 (a) The target molecule, 2-butanone, contains four carbon atoms. The problem states that all of the carbons 
originate in acetic acid, which has two carbon atoms. This suggests the following disconnections: 


| ia i 
CH3CCH;CH, i CH;CHCH;CH; > CH,CH + “CHCE 


2-Butanone 
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The necessary aldehyde (acetaldehyde) is prepared from acetic acid by reduction followed by oxidation 
in an anhydrous medium. 


O 
1. LiAIH PDC | 
CH4CO;H 2. H20 CH4CH;0H CHCl, СНзСН 
Acctic acid Bthanol Acetaldehyde 


Ethylmagnesium bromide may be obtained from acetic acid by the following sequence: 


HBr or 


Mg 
CH;CH)OH ве CH;CHjBr geia СНУСН:МеВг 
Bthanol Ethyl bromide Ethylmagnesium 
(prepared as bromide 
previously) 
The preparation of 2-butanone is completed as follows: 
0 үй || 
1. diethyl ether K35Cr20; 
PIECE вел зиндан ed 
CHCH + CH;CH,MgBr су; CH,CHCH;CHs 5, gg" СНЗССНСН; 
Acetaldehyde Ethylmagnesium 2-Butanol 2-Butanone 


bromide 


(b) The target compound has eight carbon atoms. The problem states that it is prepared from four carbon 
compounds. This suggests the following disconnections: 
i 
CH;CHCH;CCH;CH;CHs E CH,CHCH;CHCH;CH;CHs > CH;CHCH; + HOCH,CH,CH, | 
CH; CH; CH; 


The necessary aldehyde (1-butanal) is prepared by oxidation from 1-butanol. 
О 


i 
ss HCCH;CH;CH; 


HOCH;CH;CH;CH4 


]-Butanol 


The required Grignard reagent is prepared from isobutanol by the following sequence: 


у M 
CH,CHCH;OH PBI CH3CHCHaBr Ег CH3CHCH;MgBr 
СН; CH; CH; 
Isobutanol 


The preparation of 2-methyl-4-heptanone is completed as follows: 


CH, О сн» ОН. 


|| . diethyl eth i | 
CH,CHCH;MgBr + НССН›СНУСН» Ea CH,CHCH,CHCH,CH,CH, 6 
4:53. 


СНз € 
CH4CHCH;CCH;CH;CH; 
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| 
17.6 Chioral is trichloroethanal, CI3CCH . Chloral hydrate is the addition product of chloral and water. 


OH 
ChCCH 
OH 


Стога! hydrate 


17.7 Deprotonation of the cyanohydrin is followed by loss of cyanide. 


: [ү ш У zo R 
:ОН es E + H20: —— {М=С; + /С=0: 
R' R' К 


:М=С: + нб: == iN=CH + 70H 


17.8 Methacrylonitrile is formed by the dehydration of acetone cyanohydrin and thus has the structure shown: 


M 

CH;CCH; EO снус=сн›, 
CN CN 

Acetone Methacrylonitrile 


cyanohydrin 


17.9 The cyanohydrin and the ketone that it is derived from are revealed by the disconnections shown: 


Gynocardin 


17.10 The overall reaction is 


HCl 


| 
CsHsCH + 2СЊСЊОН CgH,CH(OCH;CH4) + HzO 


Benzaldehyde Ethanol Benzaldehyde Water 
diethy! acetal 


НСІ is a strong acid and, when dissolved in ethanol, transfers a proton to ethanol to give ethyloxonium 
ion. Thus, we can represent the acid catalyst as the conjugate acid of ethanol. 
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The first three steps correspond to acid-catalyzed addition of ethanol to the carbonyl group 


to yield a hemiacetal. 


Step 1: 
OS „CHCH; 
CeH,CH + Hw Or 
H 
Step 2: 
4% У _ 
ce CHCH; 


онон CP 308 
Step 3: 


Т?Н сњењ CHCH; 
CHCH DE + sO% 
H-——— Н 


d JCH;CHs 
CeH,CH + 20 


ОН ‚ CHCH; 
C4HSCH—Of 
H 


:ÜH „снусн, 


CsH5CH—ÖCH;CH; + Н-104 


Н 


Hemiacetal 


Formation of the hemiacetal is followed by loss of water to give a carbocation in steps 4 and 5. 


Step 4: 

" Er 

Bos oe „СЊСНз eae 8983 
CéHsC— OCH;CHs + Hot CéHsC—OCH;CHs + 308 

H H H 
Step 5: 

H +H 

New 


G ee .. ee 
C6HsCH—OCH,CH, c,H.CH-ÜCH,CH, + н-б-н 


Carbocation 
intermediate 


The remaining two steps, describing the capture of the carbocation by ethanol to give the acetal, are given in 
text Mechanism 17.4. 


17,11 (b) 1,3-Propanediol forms acetals that contain a six-membered 1,3-dioxane ring. 


Ht 


i 
CsHsCH + HOCH;CH;CH;OH + H,0 


о—>0 
CH; H 


Benzaldehyde 1,3-Ргорапедю! 2-Phenyl-1,3-dioxane Water 
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(c) The cyclic acetal derived from isobutyl methyl ketone and ethylene glycol bears an isobutyl group 
and a methyl group at C-2 of a 1,3-dioxolane ring. 


i 
(CH3),CHCH)CCH; + HOCH,CH,OH 


Isobutyl methyl ketone Ethylene glycol 


/ \ 


О О 


H* 


(CH;),CHCH, CH, + HO 


2-Isobutyl-2-methyl-1,3-dioxolane ^ Water 


(d) Because the starting diol is 2,2-dimethyl-1,3-propanediol, the cyclic acetal is six-membered 
and bears two methyl substituents at C-5 in addition to isobutyl and methyl groups at C-2. 


D nes 
(CH3);CHCH;CCH; + HOCH ОН 
CH; 
Isobuty! methyl ketone 2,2-Dimethyl-1,3- 


propanediol 


17.12 The overall reaction is 


CeH,CH(OCH;CH, + но == 


Benzaldehyde diethyl acetal Water 


НС CH; 
+ 
H * НО 
0; O 
(CH3),CHCH, CH; 
2-Isobutyl-2,5,5-trimethyl- Water 


1,3-dioxane 


|| 
-CsHsCH + 2CH;CH2OH 


Benzaldehyde Ethanol 


The mechanism of acetal hydrolysis is the reverse of acetal formation. The first four steps 


convert the acetal to the hemiacetal. 


Step 1: 
H 
oe (**% 
CoHsCH— OCH;CH, + HOO? 
:OCH;CH; H 
Step 2: 
C6HsCH— CHCH; 
+ 
А. 
CH,CHí ^H 
Step 3: 
H 


CoHsCH—OCH,CH; + 07 


~ 


Н 
CHsCH—ÜCE;CH; +0 
H 


ent 


О 
CH,CHÍ ^H 


Oe CHCH; 
CeHSCH—ÜCHoCH, + 205 
H 


H, + H 


ren 


| oe 
CcHsCH—ÜCH;CH; 
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Step 4: 
H „H 
УЛУ yen 
И .. ,H ai ae + „Н 
Сезе НЕН; + О; = ca ai + НО: 
H A H H 
Hemiacetal 
Step 5: 
ОНЕ zoel ФН CHCH; H 
CsHsCH~OCH3CH3 + H—O; == — CgH;CH—O, + о; 
Step 6: 
+ 
CH | cuc, O—H /CH;CHs 
%Н5СН+ Og CsHsCH + О; 
H H 
Step 7: 
th) 
:0—H :0: 
H DN A il +H 
СеН5СН + :0; === (CH;CH + H— Og 
H H 


17.13 The conversion requires reduction; however, the conditions necessary (LiAIH,) would also reduce 
the ketone carbonyl. The ketone functionality is therefore protected as the cyclic acetal. 


о О < о i 
_ HOCHCHOH _ \_ 
Е p-toluenesulfonic acid, О =“ 
benzenc Н.С 


4-Acetylbenzoic acid 


Reduction of the carboxylic acid may now be carried out. 


(СР о (ТР 

_ L LiAIH, _ 
О Ув juo 0 = <= 
H3C H3C 


Hydrolysis to remove the protecting group completes the synthesis. 


О 


j i 
b-c S—enon aa cue \— cmon 
H;C 


4-Acetylbenzyl alcohol 
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17.14 (b) Nucleophilic addition of butylamine to benzaldehyde gives the carbinolamine. 


| |n 
фу + CH3CH;CH;CH2NH; {_У—бн-усисноннв, 
н 
Benzaldehyde Butylamine Carbinolamine intermediate 
Dehydration of the carbinolamine produces the imine. - 
"E 
{_У—бнч—усисиснен, 50 {_у—сн=хснсиснсн, 
H 


N-Benzylidenebutylamine 


(c) Cyclohexanone and tert-butylamine react according to the equation 


H 
| 
О HO NC(CH3A4 NC(CH3)3 


-H,0 


+ (CH3)3CNH) 


tert-Butylamine 
Cyclohexanone y Carbinolamine 


intermediate N-Cyclohexylidene- 


tert-butylamine 


nu Q Д7) 
О NH N 


li | -H-0 tl 
(d) CgHsCCH3 + ———— CeHsCCHs 2 CsHsCCH; 
OH 
Acetophenone  Cyclohexylamine Carbinolamine N-(1-Phenylethylidene)- 
intermediate cyclohexylamine 


17.15 The compound С5НэМОз differs from its imine precursor (Cs H7NO3 ) by a molecule of H20. 
Therefore, add H20 across the double bond of the imine to give a carbinolamine as one of the 


answers, Recognize that the carhinolamine is in equilibrium with a noncyclic compound that 
contains both an aldehyde and a primary amine function to deduce the other answer. 


Ee e — Noom 
HOP c ? 
d. m COH 9 


N HO N н HN 


17.16 (b) Pyrrolidine, a secondary amine, adds to 3-pentanone to give a carbinolamine. 


О N 
|| / \ I 
CH3CH2CCH2CH; + CH4CH;CCH;CH; 
N | 
| ОН 
H 
3-Pentanone Pyrrolidine Carbinolamine 


intermediate 
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Dehydration produces the enamine. 


@ z 


| Y 
CH4CH—CCH;CH, + H,O 


| 
ОЕ ОН 
OH 
Carbinolamine 3-Pyrrolidino-2-pentene 
intermediate 
О М N 
il | -HjO | 
(c) СН5ССНз + СИ СоН5С= СН. 
М ОН 
Н 
Acetophenone Piperidine Carbinolamine 1-Phenyl-1-piperidinoethene 


intermediate 


17.17 (b) Here we see an example of the Wittig reaction applied to diene synthesis by use of an ylide 
containing a carbon-carbon double bond. 


li ton ore 
CH3CH,CH,CH + (C6Hs)3P—CHCH=CH, CH4CH;CH;CH-—CHCH- CH, + (CgH34P—O 


Butanal Allylidenetriphenylphosphorane 1,3-Heptadiene (52%) Triphenylphosphine 
oxide 


(c) Methylene transfer from methylenetriphenylphosphorane is one of the most commonly used Wittig 


reactions. 
О CH; 
| + $$ 1 + = 
ССН» + (СЕН Р—СН CCH; + (СНУ Р—О 
Cyclohexyl methyl Methylenetriphenyl- 2-Cyclohexylpropene Triphenylphosphine 
ketone phosphorane (66%) oxide 


17.18 A second resonance structure can be written for a phosphorus ylide with a double bond between phosphorus 
and carhon. As a third-row element, phosphorus can have more than eight electrons in its valence shell. 


T {: ag 
(СеН5)зР— CH; (CcH5);P —CH» 


Methylenetriphenylphosphorane 
17.19 (b) 
In in 16: 
[у | kx Лү? + | 
Ph;3P=CH—C—CH,; -—- PhjP-CH-—C—CH4 = РЬР—СН=С—СН» 


(Acetylmethylidene)- 
triphenylphosphorane 


(etones 


pages 482-484 missing 
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(e) Citral has two double bonds: one between C-2 and C-3 and the other between C-6 and C-7. The one at 


C-2 has the E configuration. There are methyl substituents at C-3 and C-7. 


(£)-3,7-Dimethyl-2,6-octadienal 
(citra) 


(f) Diacetone alcohol is 


О о OH 
ОН = Il. | 
CH3CCH;C(CH3) 


4-Hydroxy-4-methyl- 
2-pentanone 


(g) The parent ketone is 2-cyclohexenone. 


2-Cyclohexenone 


Carvone has an isopropenyl group at C-5 and a methyl group at C-2. 


O 
CH3 


mese 
CH 


5-Isopropenyl-2-methyl-2- 
cyclohexenone (сагуопе) 


(A) Biacetyl is 2,3-butanedione. It has a four-carbon chain that incorporates ketone carbonyls 
as C-2 and С-3. 


M 
CH4CCCH; 


2,3-Butanedione 
(biacctyl) 


17.25 (a) The longest chain of carbon atoms in the crocodile pheromone is numbered from the end closest 


to the ketone carbonyl group. 
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The absolute stereochemistry of the chirality centers can be determined by assigning 


the Cahn-Ingold-Prelog rankings to the four groups at each center. 


i 
C-3: С> CH;CH; > СН»СН» >H С-7: CH;CH5;C$H5 > СЊСЊСЊ > CH,CH3> H 


In order of decreasing ranking, the chirality center at C-3 is 5; the chirality center at C-7 is R. 
The systematic name for the pheromone is (35,7R)-3,7-diethyl-9-phenylnonan-2-one. 


(b 


— 


would be (3К,75). 


17.26 (a) Lithium aluminum hydride reduces aldehydes to primary alcohols. 


О 
|| i 
CH.CH,CH LL. CHyCH,CH,OH 
2. HO 
Propanal 1-Propanol 


(b) Sodium borohydride reduces aldehydes to primary alcohols. 


NaBH, 


I 
CH3CH,CH -oa 


CH3CH;CH;OH 


Propanai 1-Propanol 


(c) Aldehydes can be reduced to primary alcohols by catalytic hydrogenation. 


i H 
CH4CH;CH Ni CH34CH;CH;OH 
Propanal 1-Propanol 


(d) Aldehydes react with Grignard reagents to form secondary alcohols. 


р 1. CHsMgl, Os 
liethyl eth 
CH;CH;CH но“  CH4CH;CHCH; 
» H3 
Propanal 2-Butanol 


(e) Sodium acetylide adds to the carbonyl group of propanal to give an acetylenic alcohol. 


О 1. HC=CNa ОН 


i ic | 
CH;CH;CH $ === полом. | СЊСЊСНСЕСН 
„Њ 


Ргорапа! 1-Pentyn-3-ol 


The stereoisomer in which both chirality centers have the $ configuration (35,75) is a diastereomer 
of the (35,7 А) stereoisomer shown in the problem. The enantiomer of the (35,7 R) stereoisomer 


CHAPTER 17: Aldehydes and Ketones 487 
(f) Alkyl- or arylHithium reagents react with aldehydes in much the same way that Grignard reagents do. 


О 1. CgHsLi, 
diethyl ей 
CH4CH;CH епу! ether 


H3CH;CHC&$H 
> 6,0" CH; 2 СеН5 
ОН 
Propanal 1-Phenyl-t-propanol 


(g) Aldehydes are converted to acetals on reaction with alcohols in the presence 
of an acid catalyst. 


О 

|| 
CH;CH,CH + 2CH,0H  —H8 CH3CH;CH(OCH3); 
Propanal Methanol Propanal dimethyl acetal 


(h) Cyclic acetal formation occurs when aldehydes react with ethylene glycol. 


p-toluenesulfonic acid 


| 
CH,CH;CH + HOCH;CH;OH ^^ pw ^ О „О 
H CH,CH; 
Propanal Ethylene glycol 2-Ethyl-1,3-dioxolane 


(i) Aldehydes react with primary amines to yield imines. 


-H;O 


| 
CH3CH2CH + CsHsNH2 CH3CH5CH-NC4&Hs 


Propanal Aniline N-Propylideneaniline 


(j) Secondary amines combine with aldehydes to yield enamines. 


T N (CH3)2 
Е ЧОР Го id 
CH,CH,CH + (CH;),NH p-to gae onic acid CH4CH—CH 
: enzene E 
Propanal Dimethylamine  . 1-(Dimethytamino)propene 


(k} Oximes are formed on reaction of hydroxylamine with aldehydes. 


i 
CH.CcH,CH - МН 


CH3;CH,CH=NOH 
Propanal Propanal oxime 


(D Hydrazine reacts with aldehydes to form hydrazones. 


HoNNH5 


il 
CH3CH;CH CH3CH,CH=NNH) 


Propanal Propanal hydrazone 
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(m) Hydrazone formation is the first step in the Woltf-Kishner reduction (text Section 12.8). 


NaOH 


CH;CH;CH-—NNHB? triethylene glycol, heat 


CH4CH;CH, + № 
Propanal hydrazone Propane 


(n) The reaction of an aldehyde with p-nitrophenylhydrazine is analogous to that with hydrazine. 


О 
i 
СЊСЊСН + on минн, снуснусн=ннн—{_`у—но; + н О 


Propanal p-Nitrophenylhydrazine Propanal 
p-nitrophenylhydrazone 


(о) Semicarbazide converts aldehydes to the corresponding semicarbazone. 


i ji i 
CH,CH;CH + HjNNHCNH; CH4CH;CH-NNHCNH,; + H,O 


Propanal Semicarbazide Propanal semicarbazone 


(p) Phosphorus ylides convert aldehydes to alkenes by a Wittig reaction. 


CH,CH,CH-CHCH, + (C4Hj4P—O 


|| t o 
CH3CH;CH + (CgH34P—CHCH; 


Propanal Ethylidenetriphenyl- 2-Pentene Triphenyiphosphine 
phosphorane oxide 


(q) Acidification of solutions of sodium cyanide generates HCN, which reacts with aldehydes 
to form cyanohydrins. 


|| үш 
CH,CH,CH + HCN CH4CH;CHCN 
Propanal Hydrogen Propanal cyanohydrin 


cyanide 


(r) Chromic acid oxidizes aldehydes to carboxylic acids. 


H3CrO, 


| 
CH3CH;CH CHa4CH2CO;H 


Propanal Propanoic acid 


17.27 (a) Lithium aluminum hydride reduces ketones to secondary alcohols. 


1. LiAIB4 
2. H;O 


H OH 


Cyclopentanone Cyclopentanol 
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(b) Sodium borohydride converts ketones to secondary alcohols. 


NaBH, 
CH40H 
О H OH 


Cyclopentanone Cyclopentanol 


(c) Catalytic hydrogenation of ketones yields secondary alcohols. 


H; 
Ni 


О н Он 


Cyclopentanone Cyclopentanol 


(d) Grignard reagents react with ketones to form tertiary alcohols. 


1. CH3MgI, 
diethyl ether 
2, H,0*+ 


Ó Н.С OH 
Cyclopentanone ]-Methylcyclopentanol 


(е) Addition of sodium acetylide to cyclopentanone yields a tertiary acetylenic alcohol. 


1. HC=CNa, 
liquid ammonia 
2. H0* 
HC=C OH 


Cyclopentanone 1-Ethynylcyclopentanol 


O 


(f) Рћепу ит adds to the carbonyl group of cyclopentanone to yield 1-phenylcyclopentanol. 


Е. C; HaL i, 
diethyl ether 
2. H40* 
О C6H5; OH 
Cyclopentanone 1-Phenylcyclopentanol 


(g) The equilibrium constant for acetal formation from ketones is generally unfavorable. 


+ 2CH0H == Ca K«1 


O CH;0 OCH; 


Cyclopentanone Methanol Cyclopentanone 
dimethyl acetal 
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(ћу Cyclic acetal formation is favored even for ketones. 


p-toluenesulfonic acid 
benzene 


+ HOCH,CH,OH 
О О 
9 LJ 
Cyclopentanone Ethylene glycol 1,4-Dioxaspiro[4.4]nonane 


(i) Ketones react with primary amines to form imines. 


+ CgHSNH; 
NCH; 
Cyelopentanone Aniline N-Cyclopentylideneaniline 


(7) Dimethylamine reacts with cyclopentanone to yield an enamine. 


p-toluenesulfonie acid 
— 
benzene 


+ (CH3àNH 


о N(CH3); 


Cyclopentanone Dimethylamine {-(Dimethytamino)- 
cyclopentene 


(k) An oxime is formed when cyclopentanone is treated with hydroxylamine. 


H3NOH 
NOH 
Cyclopentanone Cyclopentanone 
oxime 


(4) Hydrazine reacts with cyclopentanone to form а hydrazone. 


Ho9NNH; 
_NNH2 
Cyclopentanone Cyclopentanone 
hydrazone 


(m) Heating a hydrazone in base with a high-boiling alcohol as solvent converts it to an alkane. 


NaOH 
triethylene p TN) 


glycol, heat 
ММН, 


Cyclopentanone Cyclopentane 
hydrazone 
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(n) A p-nitrophenylhydrazone is formed. 


О om 


Cyclopentanone p-Nitrophenylhydrazine Cyclopentanone 
p-uitrophenylhydrazone 


(о) Cyclopentanone is converted to a semicarbazone on reaction with semicarbazide. 


R 
+ H NNHCNH,; + НО 
i 
О NNHCNH; 
Cyclopentanone Semicarbazide Cyclopentanone 
semicarbazone 


(p) A Wittig reaction takes place, forming ethylidenecyclopentane. 


+ oF —- 
+ (CHs)3P—CHCH; + (СНУ 


О CHCH; 
Cyclopentanone Ethylidenetriphenyl- Ethylidenecyclo- Triphenylphosphine 
phosphorane pentane oxide 


(q) Cyanohydrin formation takes place. 


NaCN 
——Á 
H250; 
О HO CN 
Cyclopentanone Cyclopentanone 


eyanobydrin 
(к) Cyclopentanone is not oxidized readily with chromic acid. 


17.28 (a) The first step in analyzing this problem is to write the structure of the starting ketone in 
stereochemical detail. 


H Potts Н С; Н Сн; 
d metal hydride reduction Ay Е Ay 
О HOH нон 

(S}-3-Phenyl-2- (2R,3S)-3-Phenyl- (25,35)-3-Phenyl- 
butanone 2-butanol 2-butanol 


Reduction of the ketone introduces a new chirality center, which may have either the R or the 5 
configuration; the configuration of the original chirality center is unaffected. In practice, the 25,35 
diastereomer is observed to form in greater amounts than the 25,35 (ratio 2.5:1 for LiAIH, reduction). 
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(b) Reduction of the ketone can yield either cis- or trans-4-tert-butylcyclohexanol. 


О 
eue M гк 
H 


4-fert-Butylcyclo- 


hexanone 
H OH 
OH , H 
(CH3)3C (CH3)3C 
H H 
trans-4-tert- cls-4-fert- 
Butylcyclohexanol Butylcyclohexanol 


The major product obtained on reduction with either lithium aluminum hydride or sodium 
borohydride is the trans alcohol (trans/cis = 9:1). 


(c) The two reduction products are the exo and endo alcohols. 


d E As T ду, 
О н OH 


Bicyclo[2.2.1]- exo-Bicyclo[2.2. 1]- endo-Bicyclo[2.2.1]- 
heptan-2-one heptan-2-ol heptan-2-ol 
The major product is the endo alcohol (endo/exo 9:1) for reduction with NaBH, or ЦАЈН,. 


The stereoselectivity observed in this reaction is due to decreased steric hindrance to attack 
of the hydride reagent from the exo face of the molecule, giving rise to the endo alcohol. 


(d) The hydroxyl group may be on the same side as the double bond or on the opposite side. 
О 
НО н н OH 
— —Á áo. + 
ЈА 7 / 
Bicyclo[2.2.1]- syn-Bicyclo[2.2.1]- anti-Bicyclo[2.2.1]- 
hept-2-en-7-one hept-2-en-7-oi hept-2-en-7-ol 


The anti alcohol is formed in greater amounts (85:15) on reduction of the ketone with LiAIH;. 
Steric factors governing attack of the hydride reagent again explain the major product ohserved. 


17.29 (a) Aldehydes undergo nucleophilic addition faster than ketones. Steric crowding in the rate-determining 


step of the ketone reaction raises the energy of the transition state, giving rise to a slower rate of reaction. 
Thus, henzaldehyde is reduced by sodium borohydride more rapidly than is acetophenone. The measured 
relative rates are 


| 
СеН;СН 
О 


Ка = = 440 


i 
C6HsCCH3 
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(b) The presence of an electronegative substituent on the о-сагроп atom causes a dramatic 
increase in Ky, 4. Trichloroethanal (chloral) is almost completely converted to its geminal diol 


(chloral hydrate) in aqueous solution. 


ү ү 
CI4CCH + H;O Свен 
ОН 
Trichloroethanal 2,2,2-Trichloro- 1, 1-ethanediol 
(chloral) (chloral hydrate) 


Electron-withdrawing groups such as Cl,C destabilize carbonyl groups to which they are attached 


and make the energy change favoring the products of nucleophilic addition more favorable. 


О 


|| 
СЬССН 


Кы = = 20,000 


| 
CH4CH 


(c) Recall that the equilibrium constants for nucleophilic addition to carbonyl groups are governed 
by a combination of electronic effects and steric effects, Electronically, there is little difference 
between acetone and 3,3-dimethyl-2-butanone; but sterically, there is a significant difference. 
The cyanohydrin products are more crowded than the starting ketones, and so the bulkier 
the alkyl groups attached to the carbonyl, the more strained and less stable the cyanohydrin. 


R 08 
\ 
С=О + НСМ | ===> CH4CCN 
HC H 
Ketone Hydrogen Cyanohydrin 
cyanide [less strained for В = CH3 


than Гог R = C(CH3)]- 


| 
CH;CCH; 


Kyel = = 40 


i 
CH34CC(CH3), 


(d) Steric effects influence the rate of nucleophilic addition to these two ketones. Carbon is on its 


way from sp? to sp? at the transition state, and alkyl groups are forced closer together than they 
are in the ketone. 


R QË = HC В 
A NaBH, = 6- MEER 
A0 „C=O JC—OBHa 
ње \ B H 
$2 ВН sp? 


Transition state 


493 


494 


(e) 


17.30 (a) 


(b) 
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The transition state is of lower energy, and the reaction is faster, when R is smaller. Acetone (R — 
methyl) is reduced faster than 3,3-dimethyl-2-butanone {R = tert-butyl). 


i 
CH;CCH,; _ 
— 6—3 = 


i 
CH3CC(CH3)3 


Ка = 


In this problem we examine the rate of hydrolysis of acetals to the corresponding ketone or aldehyde. 
The rate-determining step is carbocation formation, 


H 
l+ 
R, ÇOCH2CH; R4 
AX Se „О ОСС + CH3CH2,0H 
В  OCH;CH; R 


Hybridization at carbon changes from sp? to 5р2; crowding at this carbon is relieved as the carbocation 
is formed. The more crowded acetal (К = СН.) forms a carbocation faster than the less crowded опе 


(R = H). Another factor of even greater importance is the extent of stabilization of the carbocation 
intermediate; the more stable carbocation (В = СН.) is formed faster than the less stable one (Е = Н). 


. (CH3)2C(OCH3CH3)2 _ 1 7 
kel CH;(OCH;CH4); 8 x10 


The reaction as written is the reverse of cyanohydrin formation, and the principles that govern 
equilibria in nucleophilic addition to carbonyl groups apply in reverse order to the dissociation 

of cyanohydrins to aidehydes and ketones. Cyanohydrins of ketones dissociate more at equilibrium 
than do cyanohydrins of aldehydes. More strain due to crowding is relieved when a ketone 
cyanohydrin dissociates and a more stabilized carbonyl group is formed. The equilibrium 

constant K y... is larger for 


S || 
K, 155 
CH;CCH; -—3:—- CH;CCH,; + HCN 
CN 
Acetone Acetone Hydrogen 
cyanohydrin cyanide 
than it is for 
a H 
К, iss 
CH4CH;CHCN | =  CH4CH;CH + HCN 
Propanal cyanohydrin Propanal Hydrogen 


cyanide 


Cyanohydrins of ketones have a more favorable equilibrium constant for dissociation than 
do cyanohydrins of aldehydes. Crowding is relieved to a greater extent when a ketone cyanohydrin 
dissociates and a more stable carbonyl group is formed. The measured dissociation constants are 
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ie if 
CsH;CHCN == C6H;CH + HCN K = 47x10? 


Benzaldehyde Benzaldehyde 
eyanohydrin 


Га П 

СИ У ======= (%Н.ССН; + HCN К = 13 
CH; 

Acetophenone Acetophenone 

cyanohydrin 


17.31 (a) The reaction of an aldehyde with 1,3-propanediol in the presence of p-toluenesulfonic acid 
forms a cyclic acetal. 


CH;0 CH4O 


О 
| »-toluenesulfonic acid 
CH30 CH + HOCH;CH;CH;OH Ее CHO 
- enzene, heat 
О 
СНО Вг CH4O Br 
2-Bromo-3.4,5- {,3-Propanediol 2-(2'-Вгото-3',4',5'- 
trimethoxybenzaldehyde trimethoxyphenyl)- 1,3-dioxane 


(81%) 


(b) The reagent CH4ONH, is called O-methylhydroxylamine, and it reacts with aldehydes in a manner 


similar to hydroxylamine. 


@, 
сн CH=NOCH; 
LX + СН:ОМН, LX 
HO ОСН; HO OCH; 


4-Hydroxy-2- O-Methyl- 4-Hydroxy-2-methoxybenzaldehyde 
methoxybenzaldehyde hydroxylamine O-methyloxime 


(c) Propanal reacts with 1,1-dimethylhydrazine to yield the corresponding hydrazone. 


CH;CH,CH +  (CH3),NNH» CH3CH;CH-—NN(CH3); 
Propanal 1, 1-Dimethylthydrazine Propanal dimethylhydrazone 
(d) Acid-catalyzed hydrolysis of the acetal gives the aldehyde in 87% yield. 
CH; 


CH О 
= = | E nd . li 
пс венки < | mes uc-( S-arcxcuón 


4-(p-Methylphenyl)pentanal 
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(e) Hydrogen cyanide adds to carbonyl groups to form cyanohydrins. 


D [s 
NaCN 
CsHsCCH a = CoHsCCN 
CH; 
Acetophenone Acetophenone 
cyanohydrin 


(f) The reagent is a secondary amine known as morpholine. Secondary amines react with 
ketones to give enamines. 


OH 
|| / N ] H* m 
CgHsCCH3 + HN О Colis ON но)” Сес; 
С. © 
О О 
Acetophenone Morpholine Carbinolamine 1-Morpholinostyrene 
intermediate (57-64%) 


(g) 2-Mercaptoethanol reacts with a ketone in the presence of an acid catalyst to yield the sulfur 
analog of an acetal. 


p-toluenesulfonic acid O S 
benzene, heat 


| 
(СНз)СНССН(СНз) + HOCH;CH;9SH 
(СНз»СН CH(CH3)2 


Diisopropy! ketone 2-Mercaptoethanol 2,2-Diisopropyl-1,3-oxathiolane 


17.32 Wolff-Kishner reduction converts a carbonyl group (C=O ) to a methylene group (CH3). 


О N5H4, КОН 
HOCH;CH;0H 
130°C 
Bicyclo[4.3.0]non- Bicyclo[4.3.0]non-3-ene 


3-en-8-one (compound A, 90%) 


Treatment of the alkene with m-chloroperoxybenzoic acid produces an epoxide, compound B. 


Co 2= «ср 


Bicyclo[4.3.0]non-3-ene 3,4-Epoxybicyclo[4.3.0jnonane 
(compound B, 92%) 
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Epoxides undergo reduction with lithium aluminum hydride to form alcohols (text Section 16.12). 


HO 
1. LiAIH4 


3,4-Epoxybicycio[4.3.0]nonane Bicyclo[4.3.0]nonan-3-ot 
(compound C, 90%) 


Chromic acid oxidizes the alcohol to a ketone. 


HO О 
CD == “СО 


Bicyclo[4.3.0]nonan-3-o1 Bicyclo[4.3.0]nonan-3-one 
(compound D, 75%) 


17.33 Hydration of formaldehyde by H5!7O produces a gem-diol in which the labeled and unlabeled hydroxyl 
groups are equivalent. When this gem-diol reverts to formaldehyde, loss of either of the hydroxyl 
groups is equally likely and leads to eventual replacement of the mass-16 isotope of oxygen 
by 170. 


JH НО ‚Н 
в0=С) + Н» UO — „СН? m по=с, + Но 
H но Н 


This reaction has been monitored by 170 NMR spectroscopy; !70 gives an NMR signal, but 
160 does not. 


17.34 First write out the chemical equation for the reaction that takes place. Vicinal diols (1,2-diols) react with 
aldchydes to give cyclic acetals. 


(CH2)sCH3 
il * 
C6H;CH + НОЕН НЕНЕН О. О 
Y 
C6H5 
Benzaldehyde 1.2-Octanediol 4-Hexyl-2-phenyl- 
t,3-dioxolane 


Notice that the phenyl and hexyl substituents may be either cis or trans to each other. The two products 
are the cis and trans stereoisomers. 
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H H 
(СН2)5СНз а (СН2)5СНз 
O LO Q. O 
CH; H Н CH; 
cis-4-Hexyl-2-phenyl- trans-4-Hexyl-2-phenyl- 
1,3-dioxolane 1,3-dioxolane 


17.35 Cyclic hemiacetals are formed by intramolecular nucleophilic addition of a hydroxyl group to a carbonyl. 


C 
C—O C—OH 
30 | Q^ 
H R ee R 
Cyclic hemiacetal 


The ring oxygen is derived from the hydroxyl group; the carbony! oxygen becomes the hydroxyl 
oxygen of the hemiacetal. 


(a) This compound is the cyclic hemiacetal of 5-hydroxypentanal. 


CH; 
0 He “СН, 
НОСН»СН»СН»СН»СН = | | ~ 
ВУ је 
| À H О OH 


Indeed, 5-hydroxypentanal seems to exist entirely as the cyclic hemiacetal. Its IR spectrum lacks 
absorption in the carbonyl region. 


(b) The carbon connected to two oxygens is the one that is derived from the carbonyl group. Using 
retrosynthetic symbolism, disconnect the ring oxygen from this carbon. 


Scd C> һ d. — 
бн 


4-Hydroxy-5,7-octadienal 


The next two compounds are cyclic acetals. The original carbonyl group is identifiable as the one that bears 
two oxygen substituents, which originate as hydroxyl oxygens of a diol. 


OH 
ion = s Log = —Á— с 
бн 


CH3CH; 
6,7-Dihydroxy- 


Brevicomin 2-nonanone 


(c) 
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(d) o CHCH; Og CCH; 
i [5 APT 


HOCH; HOCH; 
OH OH 


Talaromycin A 2,8-Di(hydroxymethyt)-1,3- 
dihydroxy-5-decanone 


17.36 Benzaldehyde in anhydrous acid is required to make the acetal product. 


HOCH 
О 
MN A 


HO p- ретте аттен 
OH acid 


OCH; OH OCH; 
Methyl a-b-glucopyranoside Methyl 4,6-O-benzylidene- 


Q-D-glucopyranoside 


17.37 (a) The Z stereoisomer of CH,CH=NCH; has its higher-ranked substituents on the same side of the double 
bond, 


Higher —- С СНз 
C=N Higher 
n ae 
Lower — Н 


(Z)-N-Ethylidenemethy lamine 


The unshared electron pair of nitrogen is lower in rank than any other substituent. 


(b) Higher-ranked groups are on opposite sides of tbe carbon-nitrogen double bond in the E oxime of 
acetaldehyde. 


Higher 
a-— 
‘OH 


(E)-Acetaldehyde 
oxime 


(c) (Z)-2-Butanone hydrazone is 
| CH3CH; " ‚МН; 


Highér EN mue Higher 
Н.С 
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(d) (E)-Acetophenone semicarbazone is 


Higher. — 


17.38 (a) Nucleophilic ring opening of the epoxide occurs by attack of methoxide at the less hindered carbon. 


(CHC у _, T 
C—CH, + ОСН СИН С—С—СЊОСН 
^ Ho + ОСН (СНз)з | 2 3 
Ci с 
The anion formed in this step loses a chloride ion to form the carbon-oxygen double bond of the 
product. 
205 | 
(Све осн, (CH3)3CCCH20CH; + СГ 
Cl 


(b) Nucleophilic addition of methoxide ion to the aldehyde carbonyl generates an oxyanion, which can close 
to an epoxide by an intramolecular nucleophilic substitution reaction. 


О ЧО: О 
2 з | /\ 
(CH3)3CCHCH + OCH; (CH3);CCH--CHOCH; (CH3);CC-—CHOCH; 
a bci à H 


The epoxide formed in this process then undergoes nucleophilic ring opening on attack by a second 
methoxide ion. 


:05 OF OH 

/N -—e: | CH;,OH i 

VEO SBOE + OCH; АСЕ: ОСЬ СНОС 
Н OCH; OCH3 


17.39 (a) Friedel-Crafts acylation of henzene with benzoyl chloride is a direct route to benzophenone. 


D 1 
Od == 080 


Benzoyl chloride Benzene Benzophenone 
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(b) On analyzing the overall transformation retrosynthetically, we see that the target molecule may 
be prepared by a Grignard synthesis followed by oxidation of the alcohol formed. 


[| T E | 
Сен ССвНа > CgHsCHC,Hs C;H;CH + CsHsMgBr 


In the desired synthesis, benzyl! alcohol must first be oxidized to benzaldehyde. 


снснон —229— снн 
61254112 СНС! 6175 
Benzyl alcohol Benzaldehyde 


Reaction of benzaldehyde with the Grignard reagent of bromobenzene followed by oxidation 
of the resultiug secondary alcohol gives benzophenone. 


0 || 
1. diethyl ether Ы PDC 
+ Шайылда леа деси А nmi E ud. ECTS 
C6H;CH CoHsMgBr 207 CeHSCHCdHs -epc —CeHsCCaHs 
OH 
Benzaldehyde Phenylmagnesium Diphenylmethanol Benzophenone 


bromide 


(c) Hydrolysis of bromodiphenylmethane yields the corresponding alcohol, which can be oxidized 
to benzophenone as in part (5). 


Но idi | 
CoHsCHCsHs CoHsCHCsHs UU -  CSHsSCC&Hs 
Br OH 
Bromodiphenylmethane Diphenytmethanol Benzophenone 


(d) The starting material is the dimethyl acetal of benzophenone. АН that is required is acid-catalyzed 


hydrolysis. 
сњ | 
+ 
CoHsCCoHs + 2H;0 H СеН:СС Н;  2CH,OH 
ОСН; 
Dimethoxydiphenyl- Water Benzophenone Methanot 
methane 


(e) Oxidative cleavage of the alkene yields benzophenone. Ozonolysis may be used. 


(CgHs)xC=C(CoHs)2 2(CeHs)2C=O 


fr Ox 
И 
2. ЊО, Zn 


1,1,2,2- Tetraphenylethene Benzophenone 
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17.40 


И Н 
: Oo 
DUMP eae CH к OO EE » 
» c 2)sCHs ee co СВ СНа + НО, 
| 
О 


i 
.0. 


ЊУ ../Н ZH 
g^ SIR О P б => :О 
mË + НОД и crass m кф + ОД s ccm 


i i 
„O; 0. 


H H H H 
Nt aie Nee .. 
А re Td c 0 
HjO^-H + О о а СН2)5СНа === Hj E ае CH>);CH 
20 See с 2)5СНз 20. + y с“ a 3 


i || 
„О, О 


H,O-H + :0 === #0. al, ^ (CH2)sCH3 


s ©, " 
Acetone is also » 
formed in this reaction. Compound B 4H ОН 
AL, . 
x E A 
$^ fe 
HO. + Но Hes 
> “н PB. 
m H 
| COSE 
H OT ССН —__ vE (CH2)5CH; 
. o^ 


Hj + нон 


A H“ ^H 


" О = С 
МСНСН» 
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17.41 Each of the specified starting materials in the problem is a primary alcohol and thus terminates in a CH,OH 


group. The desired carbon skeleton can be obtained by connecting the carbons of these two groups. For 
clarity, we can abbreviate the structures in the synthesis: 


|| 
CH3(CH25)gCH;CCH;?CH;CH? H becomes 
x А 
C=C 
/ N 
H CH;2CH;CH;CH- CH? 
О H 
CH34(CHj)gCH9CCH;CHoCHjR where К equals с=с. 
H CH;CH;CH;?CH- CH, 


Using retrosynthetic analysis we can see that the carbonyl group of the target molecule can be obtained by 
oxidation of the corresponding secondary alcohol. 


OH 
|| | 
CH3(CH3)gCH?CCH;2CHoCHoR =, CH3(CH2)gCH2CHCH2CH2CH2R 


The secondary alcohol can be made by a Grignard reaction, 
Disconnect here, 


i | || 
CH3(CH5)gCH; + СНСН›СН:СН:К | CH4(CH5)gCH2MgBr HCCH;CH;CH;R 


The Grignard reagent and the aldehyde can both be traced back to the specified starting materials. 


CH3(CH>)gCH)MgBr > CH3(CH>)gCH2Br > CH3(CH>)gCH,OH 


i 
HCCH;CH;CH9R = HOCH;CH;CH;CH;R 


This retrosynthetic analysis suggests the following synthesis. 


First, prepare the aldehyde and the Grignard reagent. 


HOCH,CH;CH;CH;R Co» нссн›сн›сн›к 
CH,Cl, 
(E)-5,10-Undecadien-t-ol (E)-5,10-Undecadienal 
HBr Mg 
-CH3(CH2)gCH»OH TEE CH3(CH5)gCH5Br EU PUES CH3(CH»2)gCHaMgBr.. 
I-Decanol | 1-Вготойесапе Decylmagnesium bromide 


Add the aldehyde to the Grignard reagent, then add aqueous acid to “work up" the reaction. The product is a 
secondary alcohol having the required carbon skeleton. 


ОН 
CH3(CH>)gCH»CHCH2CH»CH2R 
(E)-1,6-Henicosadien-1 1-01 


1. diethyl ether 
———— 


i 
CH3(CH;)gCH?MgBr  HOCH;CH;CH;R. > 
US 
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Complete the synthesis by oxidizing the secondary alcohol to the target ketone. 


OH 
| [ 
CH3(CH3)gCH;CHCH9CH;CH;R mu CH&CHjsCH)CCH;CH)CH H 
2-2 


“с=с 
УЛУМ 
H CH)CH)CH),CH=CH 


(£)-1,6-Henicosadien-1 1-one 


17.42 The two alcohols given as starting materials contain all the carbon atoms of the desired product. 
CH3(CH2sCH—CHCH;CH-CHCH;CHt-CHCH-CH; [ 


CH3(CH7)gCH—CHCH;CH-—CHCH;CH;OH and HOCH;CH-—CH? 
3,6-Hexadecadien-1-ol Allyl alcohol 


What is needed is to attach the two groups together so that the two primary alcohol carbons become 
doubly bonded to each other. This can be accomplished by using a Wittig reaction as the key step. 


i 
CH;(CH2)gCH=CHCH,CH=CHCH,CH,0H UR CH4(CH2jCH—CHCH;CH—CHCH;CH 
3,6-Hexadecadien-1-ol 3,6-Hexadecadienal 

+ 
ње=снсњон 89% HC-CHCHjBr LP. (сеноРсњсн=сн, Br 
Allyl alcohol Ally! bromide Allyltriphenylphosphonium bromide 


CH4CH;CH;CH3Li, THF 


(сен а Р–Снсн=сн; 


Allylidenetriphenylphosphorane 


|| oe 
CH,(CH))gCH=CHCH,CH=CHCH,CH + (C¢H;);3P-CHCH=CH, 


3,6-Hexadecadienal Allylidenetriphenylphosphorane 
CH3(CH;gCH —CHCH;CH-CHCH;CH-CHCH- CH; 
1,3,6,9-Nonadecatetraene 


Alternatively, allyl alcohol could be oxidized to H2C—CHCHO for subsequent reaction with the ућде 
derived from CH4(CH7)gCH-— CHCH;CH-—CHCH;CH3OH via its bromide and triphenylphosphonium salt. 
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17.43 Compound A is in equilibrium with its open-chain hydroxy aldehyde form, which undergoes nucleophilic 
addition with the phosphorous ylide. The alkene obtained, compound B, is mainly the E-alkene because the 
ylide is stabilized. 


CO3CH;CH; 
teen 
[ | 
CgH,CO СЕЊСО оң 
О он H 
CgHsCH,0 OCH;CeHs СЕНЕСЊО OCH;C4H; 
Compound A 
Q CO;CH;CH; Q 
С со PPh; CH;CO 
OH], | би CO;CH;CH; 
О: -Ph;P—O N =— 
> 2 H ~ 4% 
CoHsCH,0 — OCH;CgH; C«H.CH;O ОСн,С;Н; 
Compound B 


17.44 (a) Recalling that alkanes may be prepared by hydrogenation of the appropriate alkene, a synthesis 
of the desired product becomes appareut. What is needed is to convert —C=O into —-C=CH); 
a Wittig reaction is appropriate. 


о 2 СНз 
Н.С НС i 
HaC Н.С 


5,5-Dimethylcyclononanone 1,1,5-Trimethyicyclononane 


The two-step procedure that was followed used a Wittig reaction to form the carbon—carbon bond, 
then catalytic hydrogenation of the resulting alkene. 


+ ce 
чоо + (CeHs)3P—CH, E 


Н.С 


5,5-Dimethylcyciononanone 


Но, Pt 
TOOS CH; acetic acid wef > СНз 


ЊАС HC 


5,5-Dimethyl-1- 1, 1.5- Trimethylcyclononane 
methylenecyclononane (5996) (7396) 
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(b) In putting together the carbon skeleton of the target molecule, a methyl group has to be added 
to the original carbonyl carbon. 


Сен», T5: 0 : 
xe =; Сенс E. CeHsC + :CH; 
| 


The logical way to do this is by way of a Grignard reagent. 


П i 
1. diethyl eth 
CHC + Сама =e CHSC 
2. HO "| 
CH; 
Cyclopentyl phenyl Methylmagnesium 1-Cyclopentyl-1- 
ketone iodide phenylethanol 


Acid-catalyzed dehydration yields the more highly substituted alkene, the desired product, 
in accordance with the Zaitsev rule. 


pH HPO, C6H5 
СНС PO, 
6-15 | heat Н.С 
CH3 у 3 
1-Cyclopentyl-1-phenylethanol (1-Phenylethylidene)cyclopentane 


(c) Analyzing the transformation retrosynthetically, keeping in mind the starting materials stated 
in the problem, we see tbat the carbon skeleton may be constructed in a straightforward manner. 


CH; сњ сњ С 
C(CH3)CH—CH C(CH25CH—CH + & 
(CH2)3 2 (CH2)3 ? + снов, 
CH; OH CH; 
CH(CH;4CH-CH, MeBr 9 


+ HC(CHj4CH-CH3 


Proceeding with the synthesis in the forward direction, reaction between the Grignard reagent 
of o-bromotoluene and 5-hexenal produces most of the desired carbon skeleton. 


CH; CH; OH 
MgBr Q CH(CH);CH=CH) 
+ HjC—CHCH;CH;CH;CH 1. cetyl ether 
2. HO 
o-MethylphenyImagnesium 5-Hexenal 1-(o-Methylphenyl)-5-hexen-1-ol 


bromide 


CHAPTER 17: Aldehydes and Ketones 507 


Oxidation of the resulting alcohol to the ketone followed by a Wittig reaction leads to the final product. 


CH. OH 
CH(CH>);CH=CH, 
PCC 
CH2Ch 
1-(o-Methyfphenyl)-5-hexen-1-ol 
CH; о CH, CH, 
C(CH2);CH=CH, C(CH34CH—CH; 


+ oe 
(CgHs)3P— СН: 


I-(o-Methylphenyi)-5-hexen-1-one 2-(o-Methylphenyl)- 1,6-heptadiene 


Acid-catalyzed dehydration of the corresponding tertiary alcohol would not be suitable because the 
major elimination product would have the more highly substituted double bond. 


CH, CH; CH, CH; 
C(CH)CH-CH; C—CHCH;CH;CH-CH; 
H* 
OH heat 
2-(o-MethylIphenyl)-6-hepten-2-ol 6-(o-Methylphenyl)- 1.5-heptadiene 


(d) Rememher that terminal alkynes can serve as sources of methyl ketones by hydration. 


О | 
I i i 
CH4CCH;CH;C(CH3)sCHs = HC=CCH,CH>C(CH)sCH; 


This gives us a clue as to how to proceed, because the acetylenic ketone may be prepared from 
the starting acetylenic alcohol. 


i i = 
НС ССН,СН,С(СН,СН; m HCZCCH;CH,CH + CH4(CHj4CH, pes HCZCCH;CH;CH;OH 


The first synthetic step is oxidation of the primary alcohol to the aldehyde and construction of the carhon 
skeleton by a Grignard reaction. 


| 1. CH((CH3)SMgB 
HC=CCH,CH,CH,OH на HCZCCH;CH;CH ERO m HC=CCH,CH,CH(CH2)sCH3 
| ОН 
—. 4-Pentyn-1-ol............ 4-Pentynal comme Undecyn-5-ol. 


Oxidation of the secondary alcohol to a ketone and hydration of the terminal triple bond complete 
the synthesis, 


О 


I 
HC=CCH,CH,C(CH,);CH, 120-9280 


HgS0, 


О 
i i 
HC: CCH;CH;CH(CH;)sCHs CH3CCH;CH;C(CH5)sCH; 


OH 


PD 
€ PE 
CHCl; 


ł-Undecyn-5-ol 1-Undecyn-5-one 2,5-Undecanedione 
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(e) The desired product is a benzylic ether. To prepare it, the aldehyde must first be reduced to the 
corresponding primary alcohol. Sodium borohydride was used in the preparation described in the 
literature, but lithium aluminum hydride or catalytic hydrogenation would also be possihle. 

Once the alcohol is prepared, it can be converted to its alkoxide ion and this alkoxide ion 
treated with methyl iodide. 


CH; CI CH; 


i 
fati анн, ү, E TE CHOCH; 


Alternatively, the alcohol could be treated with hydrogen bromide or with phosphorus tribromide 
to give the benzylic bromide and the bromide then allowed to react with sodium methoxide. 


cl CH; 


Сі СНз CI CH3 
HBr NaOCH; 
CHOH = PBr; CS s "ОНОН ^ a CH,0CH3 


Two operations need to be carried out: reduction of C=O to СН», and Friedel-Crafts acylation. 


о 


Мі 


A successful synthesis depends on the order in which the operations are accomplished. 


HaC, 20 


O 
CH3 нох, сна | 
CH3 EH 


By reducing C=O to СН» first, a compound is formed in which both positions on the benzene ring 
that are available for Friedel-Crafts acylation are equivalent and are activated toward eletrophilic 
aromatic substitution. 

If Friedel-Crafts acylation were attempted first, it would probably fail hecause the C=O group in the 
starting material deactivates the aromatic ring toward electrophilic aromatic substitution. Furthermore, 
even if Friedel-Crafts acylation were successful, the product of that reaction would contain two carbonyl 
groups and there is no reason to believe that one could be reduced to CH and not the other. 


· (2) Retrosynthetically, the desired product is available by a Diels-Alder cycloaddition. 


cyf 
АМ СОСН; CH, о о 
E> +  CH,OCC=CCOCH, 
2 
НзС СНз HC СНз 
This suggests the following synthesis. The first reaction is the formation of the conjugated diene unit 
via a Wittig reaction. 
СОСН; 
б С CH3 
СНз га СН; il il COCH; 
(CcH3)4P— CH, CHOCC=CCOCH; _ 
CH CH=CH? 
НС СН; |, H3 Hy Н.С СНз 


Ó 
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17.45 (a) The answer lies in carbocation stability. Compound I is formed from a resonance-stabilized carbocation, 
with stabilization from an electron pair on the ring oxygen. No such stabilization is possible for the 
carbocation leading to II. 


H H 


$3 | 
H Protonation at C-2 Protonation at C-3 P H YH 
DN ОДН бон 


i 
Nonresonance- 
stabilized carbocation 


ROH 
jos 


H I 


Resonance-stabilized carbocation 


Dihydropyran 


(b) The alcohol is cyclopentylmethanol. 


ien Ј 


Cyclopentylmethanol 


17.46 The signal in the ЇН NMR spectrum at б 9.7 tells us that the compound is an aldehyde rather than a ketone. 
The 2H signal at 6 2.4 indicates that the group adjacent to the carbonyl is a CH, group. The remaining 


signals support the assignment of the compound as butanal. 


Triplet at Triplet of 
81.0 doublets at 8 2.4 
i 
CH;CH;CH;CH 
Sextet Signal 
ató 1.7 at 69.7 


17.47 A carbonyl group is evident from the strong IR absorption at 1710 cm". Because all the ЇН NMR 
signals are singlets, there are no nonequivalent hydrogens in a vicinal or “three-bond” relationship. The 
three-proton signal at 6 2.1 and the two-proton signal at 6 2.3 can be understood as arising from a 


|| 
CHCCH; unit. The intense nine-proton singlet at ё 1.0 is due to the three equivalent methyl groups of a 
(CH4J4C unit, The compound is 4,4-dimethyl-2-pentanone. 


| 
CH3CCH;C(CH3)4 


62.1 62.3 81.0 
singlet singlet singlet 


4,4-Dimethyl-2-pentanone 
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17.48 The molecular formula of compounds A and B (СН 0) indicates an index of hydrogen deficiency 


of 2. Because we are told the compounds are diketones, the two carbonyl groups account for all the 
unsaturations. 


The !H NMR spectrum of compound A has only two peaks, both singlets, at-ó 2.2 and 2.8. Their 
intensity ratio (6:4) is consistent with two equivalent methyl groups and two equivalent methylene groups. 
The chemical shifts are appropriate for 


i И 
СН.С and CHC 


The simplicity of the spectrum can be understood if we are dealing with a symmetric diketone. 
The correct structure is 


i it 
CH,CCH,CH»CCH, 
Мр 


Equivalent methylene 
groups do not split 
each other. 


2,5-Hexanedione (compound A) 


Compound B is an isomer of compound A. The triplet-quartet pattern in the ІН NMR spectrum is consistent 
with an ethyl group and, because the triplet is equivalent to six protons and the quartet to four, it is likely that 
two equivalent ethyl groups are present. The two ethyl groups account for four carbons, and because the 
problem stipulates that the molecule is a diketone, all the carbons are accounted for. The only CH 0 


diketone with two equivalent ethyl groups is 3,4-hexanedione. 


| ЇЇ 
CH3CH;C— CCH;CH; 


$13 $2.8 
triplet quartet 


3,4-Hexanedione (compound B) 


17.49 From its molecular formula (С, |Н140), the compound has a total of five double bonds and rings. The 
presence of signals in the region 6 7 to 8 suggests an aromatic ring is present, accounting for four of 


the elements of unsaturation. The presence of a strong peak near 1700 ст! in the IR spectrum indicates the 
presence of a carbonyl group, accounting for the remaining element of unsaturation. The highest field peak 
in the NMR spectrum is a three-proton triplet, corresponding to the methyl group of a CH4CH, unit. The 


two-proton signal at 6 3.0 corresponds to a CH, unit adjacent to the carbonyl group and, because it is a 
triplet, suggests the grouping CH,CH,C=O. The compound is butyl phenyl ketone (1-phenyl-1-pentanone). 


О 

И 
(банана, 
P M К 


63.0 Multiplets at 
triplet 6 1.4 and 1.7 


6 1.0 triplet 


Butyl phenyi ketone 
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17.50 With a molecular formula of C;H;4O, the compound has an index of hydrogen deficiency of 1. We are told 
that it is a ketone, so it has no rings or double bonds other than the one belonging to its C=O group. The 


peak at 8 211 in the 13С NMR spectrum corresponds to the carbonyl carbon. Only three other signals occur 
in the spectrum, and so there are only three types of carbons other than the carbonyl carbon. This suggests 


that the compound is the symmetrical ketone 4-heptanone. 


il 
CH34CH;CH;CCH;CH;CH; 


А 


14 17 45 211 45 17 14 


4-Heptanone 
(all chemical shifts in ppm) 


17.51 Compounds A and B are isomers and have an index of hydrogen deficiency of 5. Signals in the region 
125-140 in their !?C NMR spectra suggest an aromatic ring, and a peak at 6 200 indicates a carbonyl group. 
An aromatic ring contributes one ring and three double bonds, and a carbonyl group contributes one double 
bond, and so the index of hydrogen deficiency of 5 is satisfied by a benzene ring and a carbonyl group. 
The carbonyl group is attached directly to the benzene ring, as evidenced by the presence of a peak at 
m/z 105 in the mass spectra of compounds A and B. 


m/z 105 


Each ?C NMR spectrum shows four aromatic signals, and so the rings are monosubstituted. 


Compound А has three unique carbons in addition to CsHs;C=O and so must be 1-phenyl-1-butanone. 
Compound В has only two additional signals and so must be 2-methyl-1-phenyl-1-propanone. 


| | 
{_У—сиснен, Е" 
Compound А Compound В 


ANSWERS ТО INTERPRETIVE PROBLEMS 


17.52 0; 17.53 A; 17.54 А; 17.55 C; 17.56 A; 17.57 C; 1758 C 


SELF-TEST 


1. Give an acceptable IUPAC name for each of the following: 


св 0 г 
(а) CH;CH;CHCHCH;CH (c) Di 
Br CH; 


CH; 


|| 
(b) (СНСССНСН(СНа) 
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Write the structural formulas for 


(a) (E)-3-Hexen-2-one 
(b) 3-Cyclopropyl-2,4-pentanedione 
(c) 3-Ethyl-4-phenylpentanal 


For each of the following reactions, supply the structure of the missing reactant, reagent, or product: 


(a) ( у= + HCN —©—2? 


|| 
(b) CgH&CH + 7 


CsH;CH=NOH 
P * 
(©) (CH; CHCH HOH, 2 (two products) 
O 
(d) ӨЕ: a С >= снснсн, 
(е) O + Сена МНМН; ? 
CH; 
О 
| на 
(f) CH4CH;CH;CH + 2CH4CH;OH ? 
N(CH3) 
(2) ? + ? CsHsC=CHCH, 
Na;Cr;O 
(h) CH4CH;CH;CH—O НО" 


Write the structures of the products, compounds A through D, of the reaction steps shown. 


(а) (СН5)зР + (CH3;CHCHjBr A 


A + CH3CH;CH;CHiLi 


B + СНь 


В + benzaldehyde — = С + (CgHj4P—O^ 


oH 
(b) CgH,CH,CHCH, СС 


СНС р 
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5. Give the reagents necessary to convert cyclohexanone into each of the following compounds. More than one 


step may be necessary, 


О 
(а) 61 (b) Ch (c) er 
CH CH; E 


(a) What two organic compounds react together (in the presence of an acid catalyst) to give 
the compound shown, plus a molecule of water? 


3 


CH; 
CH; 


o 


CH4 


(b) Draw the structure of the open-chain form of the following cyclic acetal: 


ње 07] “Сн; 


Outline reaction schemes to carry out each of the following interconversions, using any necessary organic or 
inorganic reagents. 


/N 
(a) (CH39C-—O to (CH;),C—CHCH; 


О О 
CH; CH; 
( b) to 
OH HO CH, 
О О 
COH CHBr 


Write a-stepwise mechanism Тог the formation of CH,CH(OCH,), from-acetaldehyde-and-methanol-under 
conditions of acid catalysis. 


Suggest a structure for an unknown compound, СоН 00, that exhibits a strong infrared absorption 


at 1710 cm! and has a ЇН NMR spectrum that consists of three singlets at 6 2.1 (ЗН), 3.7 (2H), 
and 7.2 (5H). 


CHAPTER 18 
Carboxylic Acids 


SOLUTIONS TO TEXT PROBLEMS 


18.1 (b) The four carbon atoms of crotonic acid form a continuous chain. Because there is a double 
bond between C-2 and C-3, crotonic acid is one of the stereoisomers of 2-butenoic acid. 
The stereochemistry of the double bond is E. 


нс H 
с=с 
H CO;H 
(E)-2-Butenoic acid or 


(E)-But-2-enoic acid 
(crotonic acid) 


(c) Oxalic acid is a dicarboxylic acid that contains two carbons. It is ethanedioic acid. 
HO;CCO;H 


Ethanedioic acid 
(oxalic acid) 
(d) The name given to С,Н;СО,Н is benzoic acid. Because it has a methyl group at the para position 
the compound shown is p-methylbenzoic acid, or 4-methylbenzoic acid. 


nc сон 


p-Methylbenzoic acid or 
4-methylbenzoic acid 
(p-toluic acid) 


, 


18.2 (b) Asin part (a) of this problem we can calculate the conjugate base/acid ratio using the 
Henderson-Hasselbalch relationship. 
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[conjugate base] _ 10(PH-pKa) 

[acid] 
flactate] 

[lactic acid] 


= 4005-39 = 10-14 = 0.04 


At pH = 2.5, 25 times as much lactic acid is present as lactate ion. 


18.3 (b) Propanoic acid is similar to acetic acid in its acidity. A hydroxyl group at C-2 is electron-withdrawing 
and stabilizes the carboxylate ion of lactic acid by a combination of inductive and field effects. 


Dp 
CH4CH-C 
| "67 
Тон 


Hydroxyl group stabilizes 
negative charge by attracting electrons. 


Lactic acid is more acidic than propanoic acid. The measured pK,'s are 


CH3CHCO2H CH,CH,CO2H 
OH 
Lactic acid Propanoic acid 
pk, =3.8 pk, = 4.9 


(c) A carbonyl group is more strongly electron-withdrawing than а carbon-carbon double bond. Pyruvic 
acid is a stronger acid than acrylic acid. 


O 
|| 
CH4CCO;H H4C-CHCO;H 
Pyruvic acid Acrylic acid 
pK, = 3.3 pK,-43 


(d) Viewing the two compounds as substituted derivatives of acetic acid, КСН,СО, Н, we judge 
CH;SO,— to be strongly electron-withdrawing and acid-strengthening, whereas an ethyl group 
has only a small effect. 


|| 
CH;SCH;CO;H CH;CH;CH;CO;H 


О 
Methanesulfonylacetic acid Butanoic acid 
pK, = 2.4 pk, =4.7 


18.4 The compound can only be a carboxylic acid; no other class containing only carbon, hydrogen, and 
oxygen is more acidic. A reasonable choice is HC=CCO2H; C-2 is sp-hybridized and therefore 


electron-withdrawing and acid-strengthening. This is borne out by its measured pK, of 1.8. 
18.5 Recall from Chapter 1 (text Section 1.17) that an acid-base equilibrium favors formation of the weaker 
acid and base. Also remember that the weaker acid forms the stronger conjugate base, and vice versa. 
(b) The acid-base reaction between acetic acid and fert-butoxide ion is represented by the equation 
CH3COH + (СНСОГ == = CH;CO, + (CH34COH 


Acetic acid tert-Butoxide Acetate ion tert-Butyl alcohol 
(stronger acid) (stronger base) (weaker base) (weaker acid) 
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Alcohols (pK, —16--18) are weaker acids than acetic acid (pK, = 4.7); the equilibrium lies 
to the right. The equilibrium constant К 1510987 = 1033, 


(c) Bromide ion is the conjugate base of hydrogen bromide, a strong acid. 


CH4COH + Br Mw СЊСО; + НВг 


Acetic acid Bromide ion Acetate ion Hydrogen 
(weaker acid) (weaker base) (stronger base) bromide 
(stronger acid) 


In this case, the position of equilibrium favors the starting materials, because acetic acid is a 
much weaker acid than hydrogen bromide. The equilibrium constant K 1510—8747 = 107195. 


(d) Acetylide ion is a rather strong base, and acetylene (pK, — 26) is a much weaker acid than 
acetic acid. The position of equilibrium favors the formation of products. The equilibrium constant 
Kis10067 4 _ 10213 


CH4COH + HC=C: =  CH&,CO; + НСЕСН 


Acetic acid Acetylide ion Acetate ion Acetylene 
(stronger acid) {stronger base) (weaker base) (weaker acid) 


(e) Nitrate ion is a very weak base; it is the conjugate base of nitric acid. The position 


of equilibrium lies far to the left. The equilibrium constant Кіѕ10(— 14—47) = 19794. 


CH3;CO2H + NO, === CH;CO, + HNO; 


Acetic acid Nitrate ion Acetate ion Nitric acid 
(weaker acid) (weaker base) (stronger base) (stronger acid) 


(f) Amide ion is a very strong base; it is the conjugate base of ammonia (pK, = 36). The position of 
31.3 


equilibrium lies far to the right. The equilibrium constant Kis10 99-4? = 10 
СНзСО>Н + НМ СЊСО + МН» 


Acetic acid Amide ion Acetate ion Ammonia 
(stronger acid) (stronger base) (weaker base) (weaker acid) 


18.6 For carbonic acid, the “true Ку” is given by 


True К - IH" HCO, | 
! — [H5C0,] 


The “observed K" is given by the expression 


" Р 
413х107? Il 1800, 1 
[CO,] 


which can be rearranged to 


[H* ]HCO 4 1= (4.3 х107 100; ] 
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and therefore 


True eo uk ДЕА 
[H;CO,] 
_ (43x10 (99.7) 
| 03 
=1.4х10* 


Thus, when corrected for the small degree to which carbon dioxide is hydrated, it can be seen that carbonic 
acid is actually a stronger acid than acetic acid. Carboxylic acids dissolve in sodium bicarbonate solution 
because the equilibrium that leads to carbon dioxide formation is favorable, not because carboxylic acids are 
stronger acids than carbonic acid. 


18.7 The order of steps is important. A Grignard reagent cannot be prepared from the starting diol because of the 
presence of the hydroxyl groups. The starting diol must first be converted to its dimethyl ether. This can be 
carried out with a Williamson ether synthesis: 


OH OCH, 
сна 

K;CO; 

Br Br 


OH OCH, 


2-Bromo-1,3-dimethoxybenzene 


Formation of the Grignard reagent, followed by reaction with carbon dioxide and acidification gives the 
desired product. 


OCH; OCH; OCH; 
Mg, ether 1. CO 
2. H,0* 
Br MgBr СОН 
ОСН; OCH; OCH; 


2,6-Dimethoxybenzoic acid 
18.8 (b) 2-Chloroethanol has been converted to 3-hydroxypropanoic acid by way of the corresponding nitrile. 


NaCN H3O* 
HOCH;CH,C| ————  HOCH;CH;CN HOCH;CH;CO;H 


2 heat 


2-Chloroethanol 2-Cyancethanol 3-Hydroxypropanoic. 
acid 


The presence of the hydroxy] group in 2-chloroethanol precludes the preparation of a Grignard reagent 
from this material, and so any attempt at the preparation of 3-hydroxypropanoic acid via the Grignard 
reagent of 2-chloroethanol is certain to fail. 


(c) Grignard reagents can be prepared from tertiary halides and react in the expected manner with carbon 
dioxide. The procedure shown is entirely satisfactory. 


Mg 1. СО; 
CH3);CCL — —— (CH3)3CMgCl 2 (CH34CCO)H 
(Сн diethyl ether (CTS E 2. H40* (CH3)5 2 


tert -Butyl chloride tert -Butylmagnesium 2,2-Dimethylpropanoic 
chloride acid (61–70%) 
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Preparation by way of the nitrile will not be feasible. Ratber than react with sodium cyanide by 
substitution, tert-butyl chloride will undergo elimination exclusively. The Sn2 reaction with 
cyanide ion is limited to primary and secondary alkyl halides. 


18.9 Incorporation of !80 into benzoic acid proceeds by a mechanism analogous to that of esterification. 


The nucleophile that adds to the protonated form of benzoic acid is 180-епгісһей water (the 180 atom 
is represented by the shaded letter © in the following equations). 


:0: :он . бн OH 
ee oe H ©: .. oe 
CHCH + Ht CsH;COH === Сенс н Сен; н 
сө, ган 
HH 
Benzoic acid 


Tetrahedral 
intermediate 


The three hydroxy! groups of the tetrahedral intermediate are equivalent except that one of them is labeled 


with !50. Any one of these three hydroxyl groups may be lost in the dehydration step; when the hydroxyl 
group that is lost is unlabeled, ап !8O {abel is retained in the benzoic acid. 


OH 


+ 
| + „ОН -H + “4 OH 
CsHs;COH + H Сенс, + H,0 —— CeHsC. + СНС ` 
oii ӨН OH а 
Tetrahedral 
intermediate 


150.enriched benzoic acid 
18.10 (6) The 16-membered ring of 15-pentadecanolide is formed from 15-hydroxypentadecanoic acid. 


о li 
y^ Disconnect this bond. 
(9; 


<> 


15-Репгадесапо је 15-Hydroxypentadecanoic 
acid 


(c) Vernolepin has two lactone rings, which can be related to two hydroxy acid combinations. 


Be sure to keep the relative stereochemistry unchanged. Remember, the carbon-oxygen bond of 
an alcohol remains intact when the alcohol reacts with a carboxylic acid to give an ester. 
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18.11 (P) The starting material is a derivative of malonic acid. It undergoes efficient thermal decarboxylation in 
the manner shown. 


IE" 2 
CH3(CH2)sCH) (ун — = CHCHj.CH-CG, + СО; 
с+О OH 


Л Carbon 
dioxide 


2-Heptylmalonic acid 


i 
CH3(CH>)¢CH2COH 


Nonanoic acid 


(c) The phenyl and methyl substituents attached to C-2 of malonic acid play no role in the 
decarboxylation process. 


OE Oia O 
| ОН 
{ум £o heat / 


£M = 
CH, < ^ =. EM + CO; 
OH 3 Carbon 
dioxide 


2-Phenylpropanoic acid 


18.12 (b) The thermal decarboxylation of D-keto acids resembles that of substituted malonic acids. 
The structure of 2,2-dimethylacetoacetic acid and the equation representing its decarboxylation 
were given in the text. The overall process involves the bonding changes shown. 


о) to it І 
-CO 
|| S + CH3Cy ЄН» CH4CCH(CH3); 
CH3C >С. C 
Н.С” “СН; CH; 
2,2-Dimethylacetoacetic Enol form of 3-Methyl-2-butanone 
acid 3-methyl-2-butanone 


18.13 (a) Lactic acid (2-hydroxypropanoic acid) is а three-carbon carboxylic acid that bears a hydroxyt 
group at C-2. 
3 2 1 
CH;CHCO,H 
OH 


2-Hydroxypropanoic acid 
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(b) The parent name ethanoic acid tells us that the chain that includes the carboxylic acid function 
contains only two carbons. A hydroxyl group and a phenyl substituent are present at С-2. 


OH 


2-Hydroxy-2-phenylethanoic acid 
(mandelic acid) 


(c) The parent alkane is tetradecane, which has an unbranched chain of 14 carbons. The terminal 
methyl group is transformed to a carboxyl function in tetradecanoic acid. 


|| 
СНз(СНз) СОН 


Tetradecanoic acid 
(mytistic acid) 


(d 


м7 


Undecane is the unbranched alkane with 11 carbon atoms, undecanoic acid is the corresponding 
carboxylic acid, and undecenoic acid is an 11-carbon carboxylic acid that contains a double bond. 
Because the carbon chain is numbered beginning with the carboxyl group, 10-undecenoic acid has 
its double bond at the opposite end of the chain from the carboxyl group. 


H;C—CH(CH34CO;H 


10-Undecenoic acid 
(undecylenic acid) 


(e) Mevalonic acid has a five-carbon chain with hydroxyl groups at C-3 and C-5, along with a methyl 
group at C-3. 
j 
HOCH;CH;CCH;CO;H 
OH 


3,5-Dihydroxy-3-methylpentanoic acid 
(mevalonic acid) 


G 


— 


The constitution represented by the systematic name 2-methyl-2-butenoic acid gives rise to 
two stereoisomers. 


CH; 


2-Methyl-2-butenoic acid 


Tiglic acid is the E isomer, and the Z isomer is known as angelic acid. The higher-ranked substituents, 
methyl and carboxyl, are placed on opposite sides of the double bond in tiglic acid and on the same side 
in angelic acid. 


HC, Н; HC, „COH 
с=с; ХЕС 
H СОН H СН; 
(E)-2-Methyl-2-butenoic (Z)-2-Methyl-2-butenoic 


acid (tiglic acid) acid (angelic acid) - 
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(g) Butanedioic acid is a four-carbon chain in which both terminal carbons are carboxylic acid groups. 
Malic acid has a hydroxyl group at C-2. 


HO;CCHCH;CO;H 
OH 


2-Hydroxybutanedioic acid 
(malic acid) 


(R) Each of the carbon atoms of propane bears a carboxyl group as a suhstituent in 1,2,3- 
propanetricarboxylic acid. In citric acid C-2 also bears a hydroxyl group. 


CO;H 
HO;CCH;CCH;CO;H 
OH 


2-Hydroxy-1,2,3-propanetricarboxylic acid 
(citric acid) 


(i) There is an aryl substituent at C-2 of propanoic acid in ibuprofen. This aryl substituent is a 
benzene ring bearing an isobutyl group at the para position. 


CH4CHCO;H 


CH;CH(CH3); 


2-(p-Isobutylphenyl)- 
propanoic acid 


(j) Benzenecarboxylic acid is the systematic name for benzoic acid. Salicylic acid is a derivative 
of benzoic acid bearing a hydroxyl group at the position ortho to the carboxyl. 


ex 
COH 
o-Hydroxybenzcnecarboxylic acid 


(salicylic acid) 


18.14 (a) The carboxylic acid contains a linear chain of eight carbon atoms, The parent alkane is octane, 
and so the systematic name of СНАСН,) СОН is octanoic acid. 


(b) The compound shown is the potassium salt of octanoic acid. It is potassium octanoate. 


(c) The presence of a double bond in H;C- CH(CH5);COSH is indicated by the ending -enoic acid. 
Nuinbering of the chain begins with the carboxylic acid, and so the double bond is between C-7 
and C-8. The compound is named 7-octenoic acid or oct-7-enoic acid. 
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(d) Stereochemistry is systematically described by the E-Z notation. Here, the double bond between 
C-6 and C-7 in octenoic acid has the Z configuration; the higher-ranked substituents are on the 
same side. 


(CH2)4CO;H 
H H 


(Z)-6-Octenoic acid or 
(Z)-Oct-6-enoic acid 


(e 


м 


А dicarboxylic acid is named as a dioic acid. The carboxyl functions аге ће terminal carbons of 
an eight-carbon chain; HO,C(CH,)¢CO,H is octanedioic acid. It is not necessary to identify the 


carboxylic acid locations by number because they can only be at the ends of the chain when 
the -dioic acid name is used. 


u 


~ 


Pick the longest continuous chain that includes both carboxyl groups and name the compound 
as a -dioic acid. This chain contains only three carbons and bears a pentyl group as a substituent at 
С-2. It is not necessary to specify the position of the pentyl group, because it can only be 
attached to C-2. 
2 1 
CH3(CH2),CHCO2H 
COH 


Pentylpropanedioic acid 


Malonic acid is an acceptable synonym for propanedioic acid; this compound may also be named 
pentylmalonic acid. 


(8) A carboxylic acid function is attached as a substituent on a seven-membered ring. The compound 
is cycloheptanecarboxylic acid. 


COH 


(h) The aromatic ring is named as a substituent attached to the eight-carbon carboxylic acid. Numbering of 
the chain begins with the carboxyl group. 


CH;CH; 
(M CH(CH3)CO;H 


6-Phenyloctanoic acid 


18.15 (a) Carboxylic acids are the most acidic class of organic compounds containing only the elements C, 
H, and O. The order of decreasing acidity is 


pK, 
Acetic acid CH4CO,H 4.7 
Ethanol CH;CH,OH 16 


Ethane CH,CH, =62 
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acid and the hydro 
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id is the strongest 


(b) Here again, the carboxylic ac 


Benzoic acid 


Benzyl alcohol C H.CH;OH 
Benzene CoH, =4% 
i ырен тт 
(с) propanedioic acid is à stronger acid than propanoic acid because the electron withdrawing effect of one 
carhoxy! group enhances the ionization of the other. 
pKa 
propanedioic acid HO,CCH,CO# 2.9 
Propanoic acid cu CH; Co 49 
HOCH, CH; CH; oH =16 


cturally related 
ituents 
but 


siru 
tuorine subst 
inated analogs. 


1 4-Propanediol 


the group. из 
stronger. F 
heir поп мог 


(d) Trifluoromethan 

io sulfuric acid, 1 -pe fluorine gubstitu 
rease the acidity ; relative to ! 
to make 


inc 
not enough 


qrfluoromethanesul fonic acid CF,SO „OH 
Tüfluoroacetic acid cr COH 0.2 
Acetic acid CH,CO Н АЛ 
thanol CF,CH;OH 12.4 
216 


9,2. 2-Trifluoroe 


Ethanol 


ў 
1816 (@) А (ifluoromethyl group 18 strongly electron- Wit | 
to attract electrons from the carboxylate ion decreases as iis distane 
increases. 3.53-Tifluoropropanole acid 15 à stronger acid than 4 4 A-trifluorohutanoie acid. 
cpCH, CH; COH 


crCH; COH 
33,3-Trfluoro pro panoic acid дате orobutanoic acid 
рКа= > рка= 42 rc 
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boxy] group in 2-butynoic acid is 3P-hybridizeg and is, therefore, more 
Clectron-withdrawing than the SP?-hybridizeg & Carbon of butanoic acid. The anion of 2-butynoic acid is 
therefore Stabilized better than the anion of butanoic acid, and 2-butynoic acid is а Sttonger acid, 

СН.С= CCOH CHCH;CH;co, n 
2-Butynoic acid Butanoic acid 
PK, = 2.6 PK, = 4,8 
(c) Cyclohexanecarbo 


^ -COH @ -COH 


Benzoic acid 


Cyclohexanecarboxytie acid 
PR, = 4,2 9 


pK, = 4, 
(d) Its five fluorine sy 


Pentafluorobenzoic acid 
PX, = 3.4 


PK, = 4.2 


and Increases the acidity of 4 carboxy] 8тоир 
- ithdrawing effect decreases With distance, Pentafluorobenzojic acid 
is a stronger acid than P(PentafluorophenyN benno. acid, 
E F Е Е 
how, Saec 
F F F F 
Pentafluorobenzoic acid P-(Pentafi "oropheny benzoic acid 
PA, = 3.4 (DK, not measured in Water; comparable 
With benzoic acid in acidity) 

(f) The oxygen of the ring exerci, 


the oxygen is айас 


Ses an acidifying effect on 
hed direct] 


the carboxy] group. This effect is lar, 
Y to the carbon that bears the carboxy] group, Furan-2-carboxy 
thus a Stronger acid than furan-3-carboxy tic acid. 
СОН 
Sen. — 4j 


О 
Furan-2-carboxytic acid Furan-3-carboxylic acid 
Ка = 3.2 Ка = 3,9 
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(g) Furan-2-carboxylic acid has an oxygen attached to the carbon that bears the carboxyl group, whereas 
pyrrole-2-carboxylic acid has a nitrogen in that position. Oxygen is more electronegative than nitrogen 
and so stabilizes the carboxylate anion better. Furan-2-carboxylic acid is a stronger acid than pyrrole-2- 


carboxylic acid. 
D D 
COH COH 


О М 
н 
Furan-2-catboxylic acid Pyrrole-2-catboxylic acid 
pK, = 3.2 pK, = 4.4 


18.17 (a) The conversion of 1-butanol to butanoic acid is simply the oxidation of a primary alcohol to 
a carboxylic acid. Chromic acid is a suitable oxidizing agent. 


НСгОц 
CH3CH;CH;CH;0H =т=т CH3CH;CH;CO;H 


1-Butanol Butanoic acid 


(b) Aidehydes may be oxidized to carboxylic acids by any of the oxidizing agents that convert 
primary alcohols to carboxylic acids. 


О 
| KoCrO | 
CH;CH,CH,CH  ——— — —- СЊСЊСЊСОН 
5 H2504, H20 
Butanal Butanoic acid 


(c) The starting material has the same number of carbon atoms as does butanoic acid, and so all 
that is required is a series of functional group transformations. Carboxylic acids may be obtained 
by oxidation of the corresponding primary alcohol. The alcohol is available from the designated 
starting material, 1-butene. 


CH4CH;CH,CO;H [5 CH3CH,CH,CH,OH = CH4CH;CH—CH; 


Hydroboration-oxidation of 1-butene yields 1-butanol, which can then be oxidized to bntanoic acid 
as in part (a). 


1. B2H6 H2CrO4 
CHaGCH;CH-—CH; ep ae CH3CH;CH;CH;OH oy аА: саз CH3CH2CH»CO2H 
2. H905, HO 
1-Butene 1-Вшапој Butanoic acid 


(d) Converting 1-propanol to butanoic acid requires the carbon chain to be extended by one atom. 
Both methods for achieving this conversion, carboxylation of a Grignard reagent and formation and 
hydrolysis of a nitrile, begin with alkyl halides. Alkyl halides in turn are prepared from alcohols. 


CH4CH;CH,CO;H [> CH4CH;CH;MgBr or CH34CH;CH;CN 


V 


CH4CH;CH;OH e CH;CH;CHBr 
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Either of the two following procedures is satisfactory: 


PBr3 Mg 1. CO; 


CH3CFE5;CH;OH or HBr CH3CH,CH2Br "disi Father > CH3CH5CH;MgBr 2. HO CH4CH;CH;CO;H 
1-Propanol 1-Вготоргорапе Butanoic acid 
PBr3 KCN H,0, на! 
CH4CH5CH;0H тнв: CH4CH;CH;Br DMSO C Ha3CH;5CH;CN TENES DU CH3CH2CH2CO2H 
I-Propanol 1-Bromopropane Butanenitrile Butanoic acid 


(e) Dehydration of 2-propanol to propene followed by free-radical addition of hydrogen bromide affords 
1-bromopropane. 


H2504 sing HBr 
CH;CHCH; = СНСН=СН ее СНЗСНСН)Вг 
ОН 
2-Propanol Propene А 1-Вготоргорапе 


Em 


Once 1-bromopropane has been prepared, it is converted to butanoic acid as in part (а). 


(f) Ethylmalonic acid belongs to the class of substituted malonic acids that undergo ready thermal 
decarboxylation. Decarboxylation yields butanoic acid. 


heat 


CH4CH;CHCO;H SS CH3CH2CH2,CO2H + СО 
COH 
Ethylmalonic acid Butanoic acid Carbon 
dioxide 


18.18 (a) The Friedel-Crafts alkylation of benzene by methyl chloride can be used to prepare !4C-labeled toluene 
(C* = Кеј Once prepared, toluene could be oxidized to benzoic acid. 


г S AlCl, ы K3Cr;05, H2504 1: 
() ге a Суы чыш Сы 


Benzene Methyl Toluene Benzoic acid 
chloride 


(b) Formaldehyde can serve as a one-carbon source if it is attacked by the Grignard reagent derived from 


bromobenzene. 
LH C= [e] 
MgBr ——JÀ—— CH OH 
o mu Е ae ether ez E 2. Нз XH ^ А 
Benzene Bromobenzene Phenylmagnesium Benzyl alcohol 


bromide 


This sequence yields !1^C-labeled benzyl alcohol, which can be oxidized to !^C-labeled benzoic acid. 


T K2Cr207, H250 | Ы 
(у-н — ( Уол 


Benzy! alcohol Benzoic acid 
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(c) A direct route to "C-labeled benzoic acid utilizes а Grignard synthesis employing '4C-labeled 
carbon dioxide. 


Br; Mg 1, CO; ы 
——— Ве MgBr ——— CO. 
(53 FeBr; ( \- diethyl ether ( %- gBr 5 но { \- 2H 
Benzene Bromobenzene Phenylmagnesium Benzoic acid 
bromide 


18.19 (a) An acid-base reaction takes place when pentanoic acid is combined with sodium hydroxide. 
CH3;CH»CH2CH,CO2H + NaOH CH3CH;CH;CH;CO;N a + НО 


Pentanoic acid Sodium Sodium pentanoate Water 
hydroxide 


(b) Carboxylic acids react with sodium bicarbonate to give carbonic acid, whicb dissociates to carbon 
dioxide and water, so that the actual reaction that takes place is 


CH;4CH;CH;CH;COjH + NaHCO; CH,CH;CH;CH;CO;Na + СО + НО 


Pentanoic acid Sodium Sodium pentanoate Carbon Water 
bicarbonate dioxide 


(c) Thionyl chloride is a reagent that converts carboxylic acids to the corresponding асу! chlorides. 
i 
CH4CH;CH;CH;CC! + 50; + НО 


CH4CH;,CH5oCH;CO;H + SOCL 


Pentanoic acid Thionyl Pentanoyl chloride Sulfur Hydrogen 
chloride dioxide chioride 


(d) Phosphorus tribromide is used to convert carboxylic acids to their acyl bromides. 
| 
3CH3CH;CH;CH5CBr + НзРОз 


3CH4CH5CF5;CH;CO;H + РВ» 


Pentanoic acid Phosphorus Pentanoyl bromide Phosphorous 
tribromide acid 


(e) Carboxylic acids react with alcohols in the presence of acid catalysts to give esters. 
О 


H504 | 
CH,CH,CH;CH;COCH;CgHs + НО 


CH,CHSCH;CH;CO;H + CH;CH,OH 
Pentanoie acid Benzyl aicohol Benzyl pentanoate Water 


(f Lithium aluminum hydride is a powerful reducing agent and reduces carboxylic acids to primary 


alcohols. 
р 1. АНА | 
CH;CH;CHoCH;CO)H — — po — СН,СН;СН›СН;СН;ОН 
пу 
Pentanoic acid 1-Pentanol 


(2). Phenylinagnesium bromide acts as a base to abstract the carboxylic acid proton because Grignard 
reagents are not compatible with carboxylic acids. Proton transfer converts the Grignard reagent to the 
corresponding hydrocarbon. 


CH3CH;CH,CH;COSH + CoHsMgBr 


CH,CH;CH;CH;CO;MgBr + С 


Pentanoic acid Phenyimagnesium Bromomagnesium pentanoate Benzene 
bromide 
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18.20 (a) Conversion of butanoic acid to 1-butanol is a reduction and requires lithium aluminum hydride 
as the reducing agent. 


| 1. НАНА 
CH,CH;CHjCOH + — CH,CH;CH;CH;0H 
- Hy 
Butanoic acid {-Butanol 


(b) Carboxylic acids cannot be reduced directly to aldehydes. The following two-step procedure may 


be used: 
i 1. АН, PCC | 
CH3CH2CH,COH УНО CH3CH;CH;CH;0H “ње CH3CH;CH;CH 
Butanoic acid 1-Butanol Butanal 


(c) Remember that alkyl halides are usually prepared from alcohols. 1-Butanol is therefore needed in 
order to prepare 1-chiorobutane. 


ОСЬ 
CH;CH,CH)CH,OH -==> . CH;CH;CH;CH;CI 


1-Butanot [from part (a)] T-Chlorobutane 


(d) Carboxylic acids are converted to their corresponding acyl chlorides with thionyl chloride. 


O 
|| SOCL; il 
Butanoic acid Butanoyl chloride 


(e) Butanoyl chloride, prepared in part (d), can be used to acylate benzene in a Friedel-Crafts reaction. 


O О 
| АСВ i 
+ CHSCH;CH;CC] ——— CCH;CH;CH3 
Benzene Butanoyl chloride Phenyl ргору! ketone 


(f) The preparation of 4-octanone using compounds derived from butanoic acid may be seen by using 
disconnections in a retrosynthetic analysis. 


OH 
i | 
CH3CH;CH;CCH;CH;CH;CH; [> CH;CH;CH;CH3-CH;CH;CH;CHs 


V 


i 
СНЗСН.СН.СН + CH4CH;CH;CH;MgBr 
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The reaction scheme that may be used is 


Mg 


CH3CH;CH;CH;CI CH3CH;CH3CH2MgCI 


i-Chlorobutane [from part (c)] Butylmagnesium chloride 


О 
i 
CH;CH;CH;CH;MgCl +  CH4CH;CH;CH 


1. diethyl ether 
erence ri sane 


Я СН:СН:СНСНСН›СН:СН:СН; 
2. H30 | 


OH 
Butylmagnesium chloride Butanal {from part (b)j 4-Octanol 


H5CrO4 


О 
i 
CH4CH;CH;CCH;CH;CH;CH; 


4-Octanone 


18.21 (a) Carboxylic acids are converted to ethyl esters when they are allowed to stand in ethanol in the 
presence of an acid catalyst. 


HC, СН; | H5S0, С „СНз 
С=С, + СЊСЊОН о ——— С=С, + HO 
H COH H COCH;CHs 
O 
(E)-2-Methyl-2-butenoic acid Ethanol Ethyl (E)-2-methyl-2-butenoate Water 
(74-80%) 


(b) Lithium aluminum hydride, LiAlH4, reduces carhoxylic acids to primary alcohols. When LiAID, 
is used, deuterium is transferred to the carbonyl carbon. 


О D 
Ш Е АА | 
Го>—сон =  [»-con 
2. HO | 
D 
Cyclopropanecarboxylie 1-Cyclopropy!- H.1- 
acid dideutertomethanol 


(7590) 


Notice that deuterium is bonded only to carbon. The hydroxyl proton is derived from water, not from 
the reducing agent. 


(c) Alkyl fluorides are not readily converted to Grignard reagents, and so it is the bromine substituent that is 
attacked by magnesium. 


Mg L СО» 
timer BR У—— 
diethyl ether 2. н.о" 
Br MgBr COH 
m-Bromottrifluoromethyl)- m-(Trifluoromethy])- 


benzene benzoic acid 
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(d) Cyano substituents are hydrolyzed to carboxyl groups in the presence of acid catalysts. 


CH;CN | СЊСОН 
. F20, acetic acid саса _ 
H5504, heat 
CI CI 
m-Chlorobenzyl m-Chlorophenylacetic 
cyanide acid (61%) 


(e) The carboxylic acid function plays no part in this reaction; free-radical addition of hydrogen 
bromide to the carbon-carbon double bond occurs. 


H,C-CH(CHjgCOH НВ.  BrCH;CHyCH;sCO;H 


benzoyl peroxide 


10-Undecenoic acid 11-Bromoundecanoic acid 
(66-70%) 


Recall that hydrogen bromide adds to alkenes in the presence of peroxides with a regioselectivity 
opposite to that of Markovnikov's rule. 


18.22 The series of reactions given in this problem were used to convert the aldehyde starting material to 
a primary alcohol having one more carbon atom. 


Reaction 1: The starting material is an aldehyde and is reduced by lithium aluminum hydride to 
the corresponding primary alcohol. 


Reaction 2: Thionyl chloride converts alcohols to alkyl chlorides. 


Reaction 3: The reactant in this step is a primary, benzylic chloride. It undergoes an 542 reaction 
with sodium cyanide to give a nitrile. 


Reaction 4: The nitrile is converted to a carboxylic acid (as its potassium salt) on reaction with 
potassium hydroxide. Acidification of the reaction mixture gives the carboxylic acid. 


Reaction 5: Lithium aluminum hydride reduces carhoxylic acids to primary alcohols. 


О 
i 
б Сн CHOH CHCI 
4 rr 1. AIH; _ ‹ See _ SOCh _ ‹ oda 
зо — 
О Ci 


NaCN, DMSO 


О СЊСЊОН СЊСОН CH;CN 
4 МАЊА | ‹ QLKOH _ 4 
KX, 2. 60 EIE оно 
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18.23 (a) The desired product and the starting material have the same carbon skeleton, and so all that is required is 
a series of functional group transformations. Recall that, as seen in Problem 18.17, a carboxylic acid may 
be prepared by oxidation of the corresponding primary alcohol, The needed alcohol is available from the 
appropriate alkene. 


CHj,COH = сну»С=СН› 8 CHj,CHCH,0H 620 CH3)CHCO;H 

(CH3)3CC hoa (CHahC=CH оно" (Ch 2 изо, но” == (CHa СНСО; 
feri-Butyl 2-Methylpropene 2-Methy1-1-propanol 2-Methylpropanoic 
alcohoi acid 


(b) The target molecule contains one more carbon than the starting material, and so a carbon-carbon bond- 
forming step is indicated. Two approaches are reasonable; one proceeds by way of nitrile formation and 
hydrolysis, the other by carboxylation of a Grignard reagent. In either case, the key intermediate is 1- 
bromo-2-methylpropane. 


(CH3; CHCH;COSH > (CH3)},CHCH2Br 


3-Methylbutanoic acid 1-Bromo-2- 
metbylpropane 


The desired alkyl bromide may be prepared by free-radical addition of hydrogen bromide to 
2-methylpropene. 


Ht А | 
(CH;);COH (СНз)>С==СНо HBr (CH4);CHCH5Br 
à ` heat ~ peroxides 
terf-Butyl 2-Methylpropene 1-Bromo-2- 
alcohol methylpropane 


Another route to the alkyl bromide utilizes the alcohol prepared in part (a). 


ч РВ 
(CH3,CHCH;OH a (CH) CHCH;Br 
or HBr 
2-Methyl-1-propanol 1-Bromo-2- 
methylpropane 


Conversion of the alkyl bromide to the carboxylic acid is then carried out as follows: 


KCN HO, H* 


(CH3);CHCH;CN — Bar = (CH35CHCH;COH 
i 3-Methylbutanoic acid 
(CH3)2CHCH2Br 
1-Bromo-2-methylpropane Mg I. CO; 
те ту рторапе diethyl ether (CHA; CHCH;MgBr p" (CH3;CHCH;CO;H 


3-Methylbutanoic acid 


(c) Examining the target molecule reveals that it contains two more carbon atoms than the indicated starting 
material, suggesting use of ethylene oxide in a two-carbon chain-extension process. 
P. 
LL (CH3SCCH;CO)H mb (СНС СЊСЊОН m _ (CH34CMgX + HiC—CH; 


532 CHAPTER 18: Carboxylic Acids 


This suggests the following sequence of steps: 


О 
/\ 
М 1. H,C—CH 
(CH;);,cCOH — = (CH),CBr = (CH34CMgBr аа (CH3);CCH,CH,OH 
tert-Butyl 2-Bromo-2- tert-Butylmagnesium 3,3-Dimethyl-1-butanol 
alcohol methylpropane bromide 
K2Cr.0;, H* 
H,0 
(CH3)3CCH,CO2H 


3,3-Dimethylbutanoic 
acid 


(d) This synthesis requires extending a carbon chain by two carbon atoms. One way to form dicarboxylic 
acids is by hydrolysis of dinitriles. 


HOC(CH),CO;H [> NC(CH;SCN > Br(CH5)5Br 


This suggests the following sequence of steps: 


1, LiAIH4 HBr or 
HO;C(CH;4CO;H CHO ^ HOCH;(CH3A4CH;OH PBra BrCH;(CH;)CHj;Br 
Pentanedioic acid 1,5-Pentanediol 1,5-Dibromopentane 
KCN 
H30, Н+ 
HO;CCH;(CH24CH;CO;H ear NCCH;(CH;),CH;CN 
Heptanedioic acid 1,5-Dicyanopentane 


(e) The desired alcohol cannot be prepared directly from the nitrile. It is available, however, by lithium 
aluminum hydride reduction of the carboxylic acid obtained by hydrolysis of the nitrile. 


О 
H,0, Н+ || 1. НАНА с 
CH SCHCH;CN Rx c GEGEHCIDCOH НО CH;CHCH;CH;0H 
CeHs CeH5 CeHs 


3-Phenylbutanenitrile 3-Phenylbutanoic acid 3-Phenyl-1-butanol 


CHAPTER 18: Carboxylic Acids 533 


(f ) In this case, the halogen substituent is present at the B carbon rather than the a-carbon atom of the 
carboxylic acid. The starting material, a D-chloro unsaturated acid, can lead to the desired carbon 
skeleton by a Diels-Alder reaction. 


wel QU 2 СІ g” 
P 
СОН CO;H SS AN 


Cl H 
2" “4 ~ С 
+ | —— 
we с 
H Сон COH 
1,3-Butadiene (E)-3-Chloropropenoic trans-2-Chloro-4- 
acid cyclohexenecarboxylic acid 


The required trans stereochemistry is a consequence of the stereospecificity of the Diels—Alder reaction. 
Hydrogenation of the double bond of the Diels-Alder adduct gives the required product. 


Ко Кој 
` Но \ 
С = 
СОН СОН 


trans-2-Chloro-4- trans-2-Chlorocyclohexanecarboxylic acid 
cyclohexenecarboxylic acid 


(g) The target molecule can be related to the starting material by the retrosynthesis. 


Br 
CH; 4n | en 
CH; CH; 


2,4-Dimethylbenzoic nt-Xylene 
acid 


COH 


Bromine can be introduced by electrophilic substitution in the activated aromatic ring of m-xylene. 


Br 
CH; CH; 
Brz 
acetie acid 
(or Br;, FeBr3) 
CH; CH; 
m-Xylene 1-Bromo-2,4- 


dimethyibenzene 
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The aryl bromide cannot be converted to a carboxylic acid by way of the corresponding nitrile, because 
aryl bromides are not reactive toward nucleophilic substitution. The Grignard route is necessary. 


Br 
CH; 

1. | Mg, diethyl ether diethyl ether 
DT. © CO; 
3. H40* 

CH; 

1-Bromo-2,4- 2,4-Dimethylbenzoic 
dimethylbenzene acid 


(h) The relationship of the target molecule to the starting material 


CO;H CH; 
: "NO; ái 
а! а 


4-Chloro-3-nitrobenzoic p-Chlorotoluene 
acid 


requires that there be two synthetic operations: oxidation of the methyl group and nitration of the ring. 
The orientation of the nitro group requires that nitration must follow oxidation of the methyl group of the 


starting material. 
OD => E < 


p-Chlorotoluene p-Chlorobenzoic acid 


Nitration of p-chlorobenzoic acid gives the desired product, because the directing effects of the chlorine 
(ortho, para) and the carboxyl (meta) groups reinforce each other. 


s d 


p-Chiorobenzoic 4-Chioro-3- 
acid nitrobenzoic acid 


(i) The desired synthetic route becomes apparent when it is recognized that the Z alkene stereoisomer may 
be obtained from an alkyne, which, in turn, is available by carboxylation of the anion derived from the 
starting material. 


нс „COH 
рези [> CH4CECCO;H [5 CHC=Cr + со, 
H H 
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The desired reaction sequence is 


NaNH ES 1. СО = 
СН.СЕСН 22 СН.СЕСМ  ——— СН.СЕССОН 
ў NH; 2. H30 à 
Propyne Propynylsodium 2-Butynoic acid 


Hydrogenation of the carbon-carbon triple bond of 2-butynoic acid over the Lindlar catalyst converts 
this compound to the Z isomer of 2-butenoic acid. 


: Н.С COH 
Н», Lindlar Pd = и 
CH,CECCOH | ——MMM 620: 
Н H 
2-Butynoic acid (Z)-2-Butenoic acid 


18.24 (a) Only the cis stereoisomer of 4-hydroxycyclohexanecarboxylic acid is capable of forming a lactone. 
The most stable conformation of the starting hydroxy acid is a chair conformation; however, in the 
lactone, the cyclohexane ring adopts a boat conformation. 


О О 
OH ОН он Хе О 
О 
„| СЭРА 
HOC UE олу ие 
cis-A-Hydroxycyclohexane- cis-4-Hydroxycyclohexane- Lactone 
carboxylic acid carboxylic acid 

(chair conformation) (boat conformation) 


(b) As in part (a), lactone formation is possible only when the hydroxy! and carboxyl groups are cis. 


О 
H3 HO CO;H О 
а 7 


cis-3-Hydroxycyclo- Lactone 
hexanecarboxylic acid 


Although the most stable conformation of cis-3-bydroxycyclohexanecarboxylic acid has both 
substituents equatorial and is unable to close to a lactone, the diaxial orientation is accessible and is 
capable of lactone formation. 

Neither conformation of trans-3-hydroxycyclohexanecarboxylic acid has the substituents close 
enough to each other to form an unstrained lactone. 


HO HO 


COH 


trans-3-Hydroxycyclohexanecarboxylic acid: lactone formation impossible 
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18.25 Dicarboxylic acids in which both carboxyl groups are attached to the same carbon undergo ready 
thermal decarboxylation to produce the enol form of an acid. 


-H 

07 OH 
Ox. / | 

с fo С 
С. heat "OH 
OH ——- + CO; 
СІ Cl 

Compound A 


This enol yields a mixture of cis- and trans-3-chlorocyclobutanecarboxylic acid. The two products are 


stereoisomers. 
OH 
c H CO;H 
S 5 3 
OH „а СОН Ses Н 
с” с” 
a H H 
cis-3-Chlorocyclobutane- frans-3-Chiorocyclobutane- 
carboxylic acid carboxylic acid 


18.26 Examination of the molecular formula СНО, reveals that the compound has an index of hydrogen 


deficiency of 2. Becanse we are told that the compound is a carboxylic acid, one of these elements of 
unsaturation must be a catbon-oxygen double bond. The other must be a carbon-carbon double bond 
because the compound undergoes cleavage on ozonolysis. Examining the products of ozonolysis serves 
to locate the position of the double bond. 


1. Оз 


| li 
2. ЊО, Zn CH3(CH2)7CH + HC(CH2)3CO2H 


CH3(CH);CH4=CH(CH;);CO;H 


Cleavage by ozone Nonanal 5-Oxopentanoic acid 
occurs here. 


The starting acid must be 5-tetradecenoic acid. The stereochemistry of the double bond is not revealed 
by these experiments. 


18.27 Hydrogenation of the starting material is expected to result in reduction of the ketone carbonyl while 
leaving the carboxyl group unaffected. Because the isolated product lacks a carboxyl group, however, 
that group must react in some way. The most reasonable reaction is intramolecular esterification to form 


а y-lactone. 
О 
| || Hp, Ni | 
CH,CCHCH;,COH | —=— CH,CHCH;CH;COH ub s 
OH Hie А: 
Levulinic acid 4-Hydroxypentanoic 4-Pentanolide 


acid (not isolated) (CsHgO2) 
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18.28 Compound A is a cyclic acetal and undergoes hydrolysis in aqueous acid to produce acetaldehyde, along with 
a dihydroxy catboxylic acid. 


CH; 
CH3 CH; + CHCH 
CH;CO;H CH5CO;H 
Compound A 3,5-Dihydroxy-3-methylpentanoic Acetaldehyde 


acid 


The dihydroxy acid that is formed in this step cyclizes to the -lactone mevalonolactone. 


О О 
HO OH _ HO CH; о 
СНз = HO СН; СН; 
CH3CO;H OH OH 
3,5-Dihydroxy-3- Mevalonolactone 


methylpentanoic acid 


18.29 Compound A is a 5-lactone. To determine its precursor, disconnect the ester linkage to a hydroxy acid. 


H H H H 
О > COH 
О OH 
СН» CH; 
Compound A 


The precursor has the same carbon skeleton as the designated starting material. All that is necessary is to 
hydrogenate the double bond of the alkynoic acid to the cis alkene. This can be done by using the Lindlar 
catalyst. Cyclization of the hydroxy acid to the lactone is spontaneous. 


CH4CHCH;CECCO;H i NL О 
Ji Ae 2 Lindlar Pd eee 
OH ЊС CO2H О 
CH4CHOH CH3 
5-Hydroxy-2-hexynoic {Not isolated) Compound A 


acid 
18.30 Hydration of the double bond can occur in two different directions: 


СОН Сон 


С=С, HO;CCH;CCH;CO;H + HO;CCHCHCH;CO;H 
H CH3CO;H бн bn 


HOC, „со ins 
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(a) The achiral isomer is citric acid. 
COH 
HO;CCH;CCH;CO;H 
OH 


Citric acid has no chirality centers. 


(b) The other isomer, isocitric acid, has two chirality centers (marked with an asterisk*). Isocitric acid 
has the constitution 


CO;H 
HO;CCHCHCH;CO)H 
OH 


Isocitric acid 


With two chirality centers, there are 22, or four, stereoisomers represented by this constitution. 
The one that is actually formed in this enzyme-catalyzed reaction is the 2R,35 isomer. 


18.31 Carboxylic acid protons give signals in the range 6 10-12. A signal in this region suggests the presence 
of a carboxyl group but tells little about its environment. Thus, in assigning structures to compounds 
A, B, and C, the most useful data are the chemical shifts of the protons other than the carboxyl protons. 
Compare the three structures: 


H H 
\ 


i 
HCOH с=с НО›ССН›СО»Н 
НОС СОН 


Formic acid Maleic acid Malonic acid 


The proton that is diagnostic of structure in formic acid is bonded to a carbonyl group; it is an 
aldehyde proton. Typical chemical shifts of aldehyde protons are 6 8—10, and therefore formic 
acid is compound C. 


li 
H—C—O-—H 
p d V 
58.0 $114 


Compound C 


The critical signal in maleic acid is that of the vinyl protons, which normally is found in the range 
6 5-7. Maleic acid is compound B. 
н. ,H 
„ЕС 
НОС СОН -— 8124 | 


$63 


Compound B 


Compound A is malonic acid. Here we have a methylene group bearing two carbonyl substituents. 
These methylene protons are more shielded than the aldehyde proton of formic acid or the vinyl 
protons of maleic acid. 


HO;CCH;CO;H 


83.2 6 12.1 


Compound А 


CHAPTER 18: Carboxylic Acids 539 


18.32 Compounds A and B both exhibit ЇН NMR absorptions in the region д 10-12 characteristic of carboxylic 
acids. The formula С.Н Оз suggests an index of hydrogen deficiency of 1, accounted for by the carbonyl of 
the carboxyl group. Compound A has the triplet-quartet splitting indicative of an ethyl group, and compound 
В has two triplets, suggesting —CH,CH,—. 


11.1 (s) 37 (9 
3.6 (9) 11.3 (s) 
| | X. 74 
CH3CH;0OCH;COH CH30CH;CH;COH 
1.3 (0 4.1 (s) ЗА (8) 2.6 (0 
Compound А Compound B 


18.33 (a) The formula of compound A (C4H5CIO;) has an index of hydrogen deficiency of 1— фе carboxyl 
group. Only two structures are possible: 


РА O ГА 
7 А 
CICH?CH;C, and CH3CHC, 
OH |, OH 
Cl 
3-Chloropropanoic acid 2-Chloropropanoic acid 


Compound A is determined to be 3-chloropropanoic acid on the basis of its ЇН NMR spectrum, 
which shows two triplets at 2.9 and 8 3.8. 


2 
CICH;—CH;—C, 
i O—H Compound A 
Triplet 3.8 Triplet 2.9 N и 


Compound А cannot be 2-chloropropanoic acid, because that compound's ІН NMR spectrum would 
show a three-proton doublet for the methyl group and a one-proton quartet for the methine proton. 
(b) The formula of compound B (СоНоМО)) corresponds to an index of hydrogen deficiency of 6. 


The presence of an aromatic ring, as evidenced by the ЇН NMR absorptions at 6 7.5 and 8.2, 
accounts for four of the unsaturations. The appearance of the aromatic protons as a pair of 
doublets with a total area of 4 suggests a para-disubstituted ring. 


That compound B is a carboxylic acid is evidenced by the singlet (area = 1) at 6 12.1, The remaining 1H 
NMR signals [a quartet at 6 3.9 (1H) and a doublet at 6 1.6 (3H)] suggest the fragment СН—СН.. All 


that remains of the molecular formula is —NO,. Combining this information identifies compound B as 
2-(4-nitrophenyl)propanoic acid. 
s CH; 


| 
ont \- CHCO;H 


2-(4-Nitropheny])propanoic acid 
(compound B) 
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ANSWERS TO INTERPRETIVE PROBLEMS 


18.34 C; 18.35 B; 18.36 C; 18.37 D; 18.38 B 


SELF-TEST 
1. Provide an acceptable IUPAC name for each of the following: 
сњ i 
(a) CeHSCHCHCH;CH;COH (b) (com (c) CH;CHCECO)H 
CHa CHCH; 


2. Both of the following compounds may be converted into 4-phenylbutanoic acid by one or more 
reaction steps. Give the reagents and conditions necessary to carry out these conversions. 


С%Н5СН›СН›СН(СО›Н)» СВСЊСЊСЊВг 
(Two methods) 


3. Тһе species whose structure is shown is an intermediate in an esterification reaction. Write the 
complete, balanced equation for this process. 


OH 
CoHsCH;COCHCH; 
OH 


4. Give the missing reagent(s) and the missing compound in each of the following: 


. СО 
eq x o—— c Im Qe 
ES 


i | 
(b) СЊСЊСЊСОН 2 E CH4CH;CH;CH 
CH2Cl, 
i i 
© CH.CH;CH 9. ? i CH;CH,CHCOH 
OH 


5. Identify the carboxylic acid (C4H;BrO») having the ЇН NMR spectrum consisting of 
6 1.1, 3H (triplet) 
6 2.0, 2H (pentet) 
6 4.2, 1H (triplet) 
6 12.1, 1H (singlet) 
6. Draw the structure of the tetrahedral intermediate in the esterification of formic acid with 1-butanol. 


7. Write a mechanism for the esterification reaction shown. 


i 
CH,COH + СОН 


CH4CO;CH, + HO 


CHAPTER 19 


Carboxylic Acid Derivatives: 
Nucleophilic Acyl Substitution 


SOLUTIONS TO TEXT PROBLEMS 


оо 


"n | 
19.1 (b) Acid anhydrides bear two acyl groups on oxygen, as in RCOCR. They are named as derivatives of 
carboxylic acids. 


| X 
CREIL RECON CHCH Но порте 
Сенг Cdi; Сб 
2-Phenylbutanoic acid 2-Phenylbutanoic anhydride 


(c) Butyl 2-phenylbutanoate is the butyl ester of 2-phenylbutanoic acid. 


i 
CH;CH;CHCOCH;CH;CH;CH; 
СН; 
Butyl 2-phenytbutanoate 


(d) In 2-phenylbutyl butanoate, the 2-phenylbutyl group is an alkyl group bonded to oxygen of the ester. 
It is not involved in the acyl group of the molecule. 
it 
CH;CH;CH;COCH;CHCH;CH; 
Се 


2-Phenylbutyl butanoate 


541 
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H 
(e) The ending -amide reveals this to be a compound of the type RCNH;. 


|| 
CH;CH;CHCNH; 
C6H5 


2-Phenyibutanamide 


(f) This compound differs from 2-phenylbutanamide in part (e) only in that it bears an ethyl substituent 
on nitrogen. 


i 
CH;CH;CHCNHCH;CH; 
СН; 


N-Ethyl-2-phenylbutanamide 


(2) The -nitrile ending signifies a compound of the type RC=N containing the same number of carbons 
as the alkane RCH}. Alternatively, the compound may be named as an alkyl cyanide. 


CH;CH;CHCZN 
СН; 


2-Phenylbutanenitzile or 
l-phenylpropyl cyanide 


19.2 The methyl groups іп N, N-dimethylformamide are nonequivalent; one is cis to oxygen, the other is 
trans. The two methyl groups have different chemical shifts. The third signal is due to the carbonyl carbon. 


6313 
$00: An CH3 ор сњ 
GC ueni ы 
H | CH; H CH; 
$ 162.6 
6 36.4 


Rotation about the carbon-nitrogen bond is required to average the environments of the two methyl groups, 
but this rotation is relatively slow in amides as the result of the double-bond character imparted to the 
carbon-nitrogen bond, as shown by these two resonance contributors. 


19.3 (b) Benzoyl chloride reacts with benzoic acid to give benzoic anhydride. 


j i lI 
CeHsCCl + C6H;COH CsHsCOCC;Hs; + на 


Benzoyl Benzoic acid Benzoic anhydride Hydrogen 
chloride chionde 
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(c) Acyl chlorides react with alcohols to form esters. The organic product is the ethyl ester of benzoic 
acid, ethyl benzoate, 


О 


i li 
СеН;ССІ + CH3CH,OH СеН5СОСН:СНз + HCI 


Benzoyl Ethanol Ethyl benzoate Hydrogen 
chloride chloride 


(d) Acyl transfer from benzoyl chloride to the nitrogen of methylamine yields the amide 
N-methylbenzamide. 


О 
[ 
CsHsCNHCH, + CH;NH; СГ 


i 
CHCC] + 2CH3NH2 


Benzoyl Methylamine N-Methylbenzamide 
chloride 


(e) As in part (d), an amide is formed. In this case, the amide has two methyl groups on nitrogen. 


I i + 
сенсса + 2(CH3)2.NH C6HsCN(CH3)) + (CH y))NH) СГ 


Benzoyl Dimethylamine N,N-Dimethylbenzamide 
chloride 


(f) Acyl chlorides undergo hydrolysis on reaction with water. The product is a carboxylic acid. 


O 


i i 
CHCC} + H,O CH;COH + HCI 


Benzoyl Water Benzoic acid Hydrogen 
chtoride chloride 


19.4 If we compare the tetrahedral intermediate formed in general mechanism for nucleophilic acy! substitution 
with an analogous one that would result from the addition of a nucleophile to an aldehyde, we can see that 
the tetrahedral intermediate formed from the addition to the aldehyde contains a hydrogen instead of a 
leaving group. Because hydride is a very poor leaving group, the tetrahedral intermediate does not 
dissociate, and the product is that of addition. 


R (3 | R R 
+ ..— .. 
H—Nui 0—0: = 8 H—Nu- C—O} s Nu—C—0—H 
H H H 


Nucleophile Aldehyde Tetrahedral intermediate Addition product 
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19.5 The tetrahedral intermediate is formed by attack of the carbonyl with hydroxide. Loss of chloride forms а 
carboxylic acid that is converted to the carboxylate salt in basic solution. 


Е > slow Ta T Mg. 
н—О: ND ORT CÓ: rate-determining FTU B RY —H * :С1 М 
.. step : O H >> 
| 
H 
Tetrahedral H-OF 
intermediate 
ў 
C... + H20 
R SO - 


19.6 (b) Acyl transfer from an acid anhydride to ammonia yields an amide. The organic products are acetamide 
and ammonium acetate. 
оо 


| i i i 
CH;COCCH; + 2NH; CH;CNH, + CH,CO- NH, 


Acetic anhydride Ammonia Acetamide Ammonium acetate 


(c) The reaction of phthalic anhydride with dimethylamine is analogous to that of part (Б). The organic 
products are an amide and the carboxylate salt of an amine. 


О li 
CN(CH3); 
о + «снн —— e HjN(CH3); 
CO 
b р 
Phthalic anhydride Dimethylamine Product is an amine salt and 


contains an amide function. 


In this case, both the amide function and the ammonium carboxylate salt are incorporated into 
the same molecule. 


(d) The disodium salt of phthalic acid is the product of hydrolysis of phthalic acid in excess sodium 


hydroxide. 
О О 
[ЖИК 
CO Na 
О + 2NaOH CX + НО 
(297 Ма" 
9 О 
Phthalic anhydride Sodium Sodium phthalate Water 


hydroxide 
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19.7 The starting material contains three acetate ester functions. All three undergo hydrolysis in aqueous 
sulfuric acid. 


i il њо i 
CH3COCH;CHCH;CH;CH;OCCH; = HOCH;CHCH;CH;CH;OH + 3CH;COH 


OCCH; OH 


1,2,5-Pentanetriol (C5H;203) Acetic acid 


The product is 1,2,5-pentanetriol. Also formed in the hydrolysis of the starting triacetate are three molecules 
of acetic acid. 


19.8 Step 1: Protonation of the carbonyl oxygen 


Й у + 
^. H AH 


2 ^r „гү 
СеН;С,, : + HzO: = СеН5С,, E + :O; 
OCH,CH; H OCH;CH; H 
Ethyl benzoate Hydronium Protonated form of ester Water 


ion 


Step 2: Nucleophilic addition of water 


4 ee 
Н. GQH s 
10: CHSC ===  QH4C—OCH;CH; 
д БЯ 5 
824 ÓcH;CH; +, 
ZN 
H H 
Water Protonated form of ester Oxonium ion 


Step 3: Deprotonation of oxoninm ion to give neutral form of tetrahedral intermediate 


ОН Е :Он r 
| .. ^ { ee t, 
СӨН = СЕНЕН» + | о; сн Ерот оне + H—O; 
+ H . 
АХ HQ: 
Tetrahedral Hydronium 
intermediate ion 
Step 4: Protonation of ethoxy oxygen 
:OH :OH 
| ee [>t Н i se PA 
Со СВЕ ере " mH esae cl + мен 
но: ш HO: H B 
Tetrahedral Hydronium Oxonium ion Water 


intermediate ion 
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Step 5: Dissociation of protonated form of tetrahedral intermediate 
This step yields ethyl alcohol and the protonated form of benzoic acid. 


сон OH 
1 CN . жа ee 
CoHSC^-OCH;CH, == CeHsC; +  HOCH;CH, 
Он H s 
Oxonium ion Protonated form Ethyl alcohol 


of benzoic acid 


Step 6: Deprotonation of protonated form of benzoic acid 


: -H H . "s 
4 ne и 4 
:OH H :OH 
Protonated form Water Benzoic acid Hydronium 
of benzoic acid ion 


19.9 To determine which oxygen of 4-butanolide becomes labeled with 180, trace the path of !O-labeled water 
(© = 180) as it undergoes nucleophilic addition to the carbonyl group to form the tetrahedral intermediate. 


+ 
LA + He = = | A-o 
О 


4-Butanolide 150-Jabeled Tetrahedral 
water intermediate 


The tetrahedral intermediate can revert to unlabeled 4-butanolide by loss of 15O-Iabeled water. Alternatively 
it can lose ordinary water to give !$O-labeled lactone. 


+ 
Cra = Oh, + в 
О ө 


ӨН Ө 
Tetrahedral 130.labeled Water 
intermediate 4-butanolide 


The carbonyl oxygeu is the one that is isotopically labeled in the 150-enriched 4-butanolide. 


19.10 On the basis of trimyristin’s molecular formula Cy;Hg¢O¢ and of the fact that its hydrolysis gives only 
glycerol and tetradecanoic acid CH4(CH),4CO.H, it must have the structure shown. 


Ji || 
СНАСН;) СО OC(CH))12CH3 


OC(CH2)2CHs 
19; 
Trimyristin 


(Саб авоб) 
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19.11 Because ester hydrolysis in base proceeds by acyl-oxygen cleavage, the 130 Jabel becomes incorporated into 
acetate ion (@ = 180). 


i ce о 
CH;CH;CH;CH;CH;Q; CCH; + 10H CH4CH;CH;CH;CH;OH + ССН; 
0] 
Pentyl acetate Hydroxide 1-Pentanol Acetate ion 


ion 


19.12 Step 1: Nucleophilic addition of hydroxide ion to the carbonyl group 


E ЧО: 
Ф 6 — 7 M i oe 
HO: * Се, . —— ‹%Н5С—ОСН›СН3 
ОСН›СН» "бн 
Hydroxide Ethyl benzoate Anionic form of 


ion tetrahedral intermediate 


Step 2: Proton trausfer from water to give neutral form of tetrahedral intermediate 


•• — 


:0: гон 
Сен;с —QCH;CH. + n COH == буну –Оснсн + ОН 
:OH ОН 
Anionic form of Water Tetrahedral Hydroxide 
tetrahedral intermediate intermediate ion 


Step 3: Dissociation of tetrahedral intermediate 


ЕАС но: 0: 


= .. .. 7 At 
HO: + сенс OCH;CH; === НОН + СНС), +  :QCH;CH 
:ОН S 
Hydroxide Tetrahedral intermediate Water Benzoie acid Ethoxide ion 
ion 


Step 4: Proton transfer processes 


y por 
и — +. и ee 
СНС, , + ЧОН CoC, + HOH 
O ни е 
x) ГИ] 
Benzoic acid Hydroxide Benzoate ion Water 
ion 
CHCH: + HUGH == CH,CHU-H + ОН 
Ethoxide ion | Water Ethanol Hydroxide 


ion 
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19.13 (b) Stabilization of the ester carbonyl group is greater in the ester of cyclohexanol than in the ester of 
phenol, because of resonance involving the aromatic ring and oxygen in the latter. No such resonance is 
possible for the ester of cyclohexanol. Hydrolysis of the less stable ester of phenol occurs more rapidly. 


(c) The electron-withdrawing trifluoromethyl group destabilizes the ester carhonyl in the second compound 
hy an inductive effect, so it hydrolyzes more rapidly. 


(d) The large tert-butyi group destabilizes due to steric hindrance in the tetrahedral intermediate in 
saponification of the second compound, resulting in a larger energy of activation and slower hydrolysis. 
(Note that this applies to saponification, and not to hydrolysis in acid. See Problem 19.36.) 


19.14 The starting material is a lactone, a cyclic ester. The ester function is converted to an amide hy nucleophilic 
acyl substitution. 


СН; 
li 
CH3NH; + Q RIVE CHSNHOCH;CH;CHCHS 
OH 
Methylamine 4-Pentanolide 4-Hydroxy-N-methylpentanamide 


19.15 (6) Recall that the two identical groups bonded to the hydroxyl-bearing carbon of the alcohol arose from the 
Grignard reagent. That leads to the following retrosynthetic analysis: 


СНС > COR + 2CdH.MgX 
can >—{ 6HsMg 


Thus, the two phenyl substituents arise by addition of a phenyl Grignard reagent to an ester of 
cyclopropanecarboxylic acid. 


О 
Ш 1. diethyl ether 
2CsHsMgBr + [>—Сосн, Уш" сук + CH4OH 
OH 
PhenyImagnesium Methyl Cyclopropyldiphenylmethanol Methanol 
bromide eyclopropanecarboxylate 


19.16 Ethyl benzoate is reduced by lithium aluminum hydride to give benzyl alcohol and ethanol. 


oe 


О 
П а 1. Li m .. 
C p denen e (penn + HOCH,CH3; 


The aldehyde is benzaldehyde, formed by collapse of the tetrahedral intermediate. The benzaldehyde that is 
produced in the reaction is further reduced to benzyl alcohol. 
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:65 :0 
|. i as 
Oxia. SS == +  :OCH;CH, 
H 
Tetrahedral intermediate Benzaldehyde 


19.17 The acyl portion of the ester gives a primary alcohol on reduction. The alkyl group bonded to oxygen 
may be primary, secondary, or tertiary and gives the corresponding alcohol. 


O 
CHjCH,COCH(CH,), Liat 
3112 (СНз) зно CH;CH;CH;OH + HOCH(CH3)2 
Isopropyl propanoate |-Ргорапо! 2-Propanol 


19.18 The difference in the compounds lies in the number of N—H bonds in each. 


| || 0 
CH4CH;CNH; CH4CNHCH; HCN(CH3); 
Propanamide N-methylacetamide N.N-Dimethylformamide 
2 N—H bonds 1 М-Н bond 0 М-Н bonds 


The compound with the greatest number of N—H bonds will engage in the most intermolecular hydrogen 
bonds and have the highest boiling point. Propanamide will have the highest boiling point; №, N-dimethyl- 
formamide will have the lowest. The actual boiling points are: propanamide: 222°C; 

N-methylacetamide: 206°C; М N-dimethylformamide: 153°C. 


19.19 Recall (from text Section 19.2) that amide nitrogens are planar. Thus structure B is a planar monocyclic array 
of sp?-hybridized atoms. Structure B also has six п electrons in the ring, two from each nitrogen and two 
from the double bond, and thus satisfies Hückel's rule. 


О 
Н.С N^ H 
H Ko 

H 


19.20 (b) Acetic anhydride is the acid anhydride that must be used; it transfers an acetyl group to suitable 
nucleophiles. The nucleophile in this case is metbylamine. 


TET T Е" 
СН;СОССН; +  2CH4NH, CH,CNHCH, + СЊСО“ CH3NH3 


Acetic anhydride Methylamine | N-Methylacetamide Methylammonium 
acetate 
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|| 
(c) Тһе acyl group is НС— . Because the problem specifies that the acy] transfer agent is a methyl 
ester, methyl formate is one of the starting materials. 


il || 
НСОСНз + HN(CHa) HCN(CH4); +  CH3OH 


Dimethylamine N,N-Dimethylformamide Methyl 
alcohol 


Methyl 
formate 


19.21 Step 1: Protonation of the carbonyl oxygen 


es + 
2 pU Й ‚Н ps: „Н 
CHC., + НСО === CHC, + f 
NHC;Hs H NHC4H; H 
Acetanilide Hydronium ion Protonated form Water 
of amide 
Step 2: Nucleophilic addition of water 
+ :OH 
H COH er 
50: + CHC, М 
н ^. У\нсн; + 
LOS 
H H 
Water Protonated form Oxonium ion 
of amide 


Step 3: Deprotonation of oxoninm ion to give neutral form of tetrahedral intermediate 


:Он :OH 
MET „Н | .. + „Н 
све МАСЕ + :0; CH,C-NHCSHs + H-Oi 
+ H . 
AS „ОН 
H H 
Oxonium ion Water Tetrahedral — Hydronium ion 
intermediate 


Step 4: Protonation of amino gronp of tetrahedral intermediate 


‘OH i :OH H H 
| (4 tZ | al Z 
сн —МНСН; + H= . CIBC меғ + о; 
:0H B :OH H 
Tetrahedral Hydronium ion N-Protonated form of Water 
intermediate 


tetrahedral intermediate 


Step 5: Dissociation of N-protonated form of tetrabedral intermediate 


3. " 

ed i po: oe 
CH3C--NCcHs == СНС, + HNC Hs 

:OH H а 


N-Protonated form of 


Protonated form Aniline 
tetrahedral intermediate 


of acetic acid 
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Step 6: Proton-transfer processes 


sa ~ МИН + 
SOH + HNCH;, == 20: + СН; 
H H 
Hydronium ion Aniline Water Anilinium ion 
бан " 
“ee Po ON „Н 20: + dH 
OH H H 
on oe 
Protonated form Water Acetic acid Hydronium ion 


of acetic acid 


19.22 Step 1: Nucleophilic addition of hydroxide ion to the carbonyl group 


б, W: 
НО: + HCN(CH3) — HC-N(CH3); 
ki Nom мш xn | D 
:Он 
Hydroxide — N,N-Dimethylformamide Anionic form of tetrahedral 
ion intermediate 


Step 2: Proton transfer to give neutral form of tetrahedral intermediate 


И" я ‘OH 


i ee | es —99 


‚ОН :OH 
>» ee 
Anionic form Water Tetrahedral Hydroxide 
of tetrahedral intermediate ion 


intermediate 


Step 3: Proton transfer from water to nitrogen of tetrahedral intermediate 


Он c ОН 


| ee ee ] + — 90 
HC—N(CH3)2 + i Cn Hc —NH(CHg) + ЗОН 
ӨН ОН 
Tetrahedral Water N-Protonated form of Hydroxide 
intermediate tetrahedral intermediate ion 


Step 4: Dissociation of N-protonated form of tetrahedral intermediate 


< а 
а Jii 


HOS + HCNB(CH3) === HO: + НС. + HN(CH3» 
OH ӨН 
Hydroxide N-Protonated form of Water Formic acid Dimethylamine 


ion tetrahedral intermediate 


551 
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Step 5: Irreversible formation of formate ion 


JO: 0: 
я =. А ee 
НС... + ЧОН HG. + HOH 
e) oe 
Formic acid Hydroxide Formate ion Water 


ion 


19.23 Both parts of this problem deal with hydrolysis reactions. Penicillin G has two amide bonds capable of being 
cleaved by hydrolysis. Bond a is cleaved in part (a) and bond 6 is cleaved in part (6). 


CH; 


H 
Ж 
S xd 
ДРЕА 
о a Е 
CO2H 


(а) The molecular formulas of penicillin G (C,¢H,gN,O,S) and the product of B-lactamase-catalyzed 
hydrolysis (Cj &H59N,O5S) differ by H,O. Therefore, all the atoms in penicillin С are retained on 
hydrolysis which is consistent only with cleaving the B-lactam ring. Therefore, the product is 


= H 

) N 
кш О bab e 
НОС Ка 


COH 


(b) The product of penicillin acyl transferase-catalyzed hydrolysis has a molecular formula (C&H,4N505S) 


with eight fewer carbons than penicillin G. Therefore, the acyl group attached to the nitrogen of the side 
chain is cleaved from the molecule. The product is 


P. AGER 
О А 
CO;H 


НМ 


19.24 (a) Ethanenitrile has the same number of carbon atoms as ethyl alcohol. This suggests a reaction scheme 
proceeding via an amide. 


i РАО 
CH3CH;OH CH3CNH; t СН.СЕМ 
Ethyl alcohol Acetamide Ethanenitrile 
The necessary amide is prepared from ethanol. 
Na;Cr30;, H20 || 1.5061 1 
СНзСН:ОН FSO, heat CH3COH 2. NH; СНз:СМН, 


Ethy! alcohol Acetic acid Acetamide 
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(b) Propanenitrile may be prepared from ethyl alcohol by way of a nucleophilic substitution 
reaction of the corresponding bromide. 


PBr3 NaCN 
or HBr CH3CHoBr 


CH4CH;0H CH4CH;CN 


Ethy! alcohol Ethyl bromide Propanenitrile 


19.25 Step 1: Protonation of the nitrile 


P +H 


+ 
ВСЕМ: HAO. RC=NH + H0 
H 


fee 


Nitrite Hydronium Protonated Water 
ion form of nitrile 


Step 2: Nucleophilic addition of water 


... rat Ан 
н О; + ЕС=МН RC. ЕУ 
N = ОН» 
Water Protonated Protonated form 
form of nitrile of imino acid 
Step 3: Deprotonation of imino acid 
„Ан ,NH 
/ e и + 
RC. + ЗОН) == RCL + ЊО 
S OH 
HQjH 
Protonated form Water Imino acid Hydronium 
of imino acid ion 
Steps 4 and 5: Proton transfers to give an amide 
;OH "i Оне N 4H yr " 
RC, + НОО = RCO) + 106 === кс + H-Ó 
NH H SN H5 H NH; H 
Imino acid Hydronium ion Conjugate acid Water Amide Hydronium 
of amide ion 


19.26 Ketones may be prepared by the reaction of nitriles with Grignard reagents. Nucleophilic addition of 
a Grignard reagent to a nitrile produces an imine. The imine is not normally isolated, however, but 
is hydrolyzed to the corresponding ketone. Ethyl phenyl ketone may be prepared by the reaction of 
propanenitrile with a phenyl Grignard reagent such as phenylmagnesium bromide, followed by 
hydrolysis of the imine. 


NH —€— tees о 

" — diethyl ether ШЖ H;0, H* || 
CH3CH,C=N + CeHsMgBr ee CeHsCCH2CH3 heat C;H3CCH;CH3 
Propanenitrile Phenylmagnesium Imine Ethyl phenyl ketone 


bromide (not isolated) 
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19.27 (a) The halogen that is attached to the carbonyl group is identified in the name as a separate word following 
the name of the acyl group. 


CI 
|| 
CCI 
m-Chlorobenzoyl 


chloride 


(b 


— 


Trifluoroacetic anhydride is the anhydride of trifluoroacetic acid. Notice that it contains six fluorines. 


[Ж 
СЕЗСОССЕ» 


Trifluoroacetic 
anhydride 


(c) This compound is the cyclic anhydride of cis-1,2-cyclopropanedicarboxylic acid. 


нос Сон 


E. a 
оч o^ S О 
cis-1,2-Cyclopropanedicarboxylic cis-1,2-Cyclopropanedicarboxylic 
acid anhydride 
(d) Ethyl cycloheptanecarboxylate is the ethyl ester of cycloheptanecarboxylic acid. 


i 
COCH;CH; 


Ethyl cycloheptanecarboxylate 


. (e) 1-Phenylethyl acetate is the ester of 1-phenylethanol and acetic acid. 


о 
CH;COCH 
CH; 


1-Phenylethyl acetate 


2-Phenylethyl acetate is the ester of 2-phenylethanol and acetic acid. 


О 
[ 
спбосњењ (7) 


2-Phenylethyl acetate 


er 


— 


(g) The parent compound in this case is benzamide. p-Ethylbenzamide has an ethyl substituent at the ring 
position para to the carbonyl group. 


O 
il 
спен. (бн, 


p-Ethylbenzamide 
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(h) The parent compound is benzainide. In N-ethylbenzamide, the ethyl substituent is bonded 


to nitrogen. 
i 
{_Уу—ынсши, 


N-Ethylbenzamide 


(i) Nitriles are named by adding the suffix -nitrile to the name of the alkane having the same number 
of carbons. Numbering begins at the nitrile carbon. 


6 5 4 З 
Снзсн:СнгСн:Снс=м 

СН; 

2-Methylhexanenitrile 


19.28 (a) This compound, with a chlorine attached to its carbonyl group, is named as an acyl chloride. 
It is 3-chlorobutanoyl chloride. 


i 
CH;CHCH,CC! 
CI 


3-Chlorobutanoyl 
chloride 


(b) The group attached to oxygen, in this case benzyl, is identified first in (he name of the ester. 
This compound is the benzyl ester of acetic acid. 


i 
сос X 


Benzyl acetate 


(c) The group attached to oxygen is methyl; this compound is the methyl ester of phenylacetic acid. 


О 


i 
cmon y 


Methyl phenylacetate 


оо 
| 
(d) This compound contains the functional group —-COC— and thus is ап anhydride of a carboxylic acid. 
We name the acid, in this case 3-chloropropanoic acid, drop the acid part of the name, and replace it by 
anhydride. 
x 
CICH;CH;COCCH;CH4CI 


3-Chloropropanoic anhydride 
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(e) This compound is a cyclic anhydride, whose parent acid is 3,3-dimethylpentanedioic acid. 


О 

Н.С 
O 

Н.С 
О 


3,3-Dimethylpentanedioic 
anhydride 


(f) Nitriles are named by adding -nitrile to the name of the alkane having the same number of carbons. 
Remember to count the carbon of the C=N group. 


CH;CHCH;CH;CEN 
CH; 


4-Methylpentanenitrile 


(2) This compound is an amide. We name the corresponding acid and then replace the -oic acid suffix 
by -amide. 


i 
CH;CHCH;CH,CNH; 
CH; 


4-Methylpentanamide 


(А) This compound is the N-methyl derivative of 4-methylpentanamide. 


i 
CHCHCH;CH;CNHCHs 
CH; 


N,4-DimethyIpentanamide 


(i) The amide nitrogen bears two methyl groups. We designate this as an N,N-dimethyl amide. 


И 
CH;CHCH;CH;CN(CH3); 
CH; 


N,N, 4-Trimethylpentanamide 


19.29 (a) Sodium propanoate acts as a nucleophile toward propanoyl chloride. The product is 
propanoic anhydride. 


Heo li Hi 
CH,CH,CO: +  CH&CH;C Ci CH4CH;COCCH;CH; 


Propanoate Propanoyl chloride Propanoic anhydride 
anion 
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(b) Acyl chlorides convert alcohols to esters. 


i T 
CH,CH;CH;CC| +  CgH,CH;OH CH4CH;CH4COCH;C4Hs 


Butanoyl chloride Benzyl alcohol Benzyl butanoate 
(c) Acyl chiorides react with ammonia to yield amides. 


| Ји 
= <=“ + NH, a- уби, 


p-Chiorobenzoyl chloride Ammonia p-Chlorobenzamide 


(d) The starting material is a cyclic anhydride. Acid anhydrides react with water to yield two 
carboxylic acid functions; when the anhydride is cyclic, a dicarboxylic acid results. 


О О О 


Succinic anhydride Water Succinic acid 


|| H 
HOCCH;CH;COH 


(e) In dilute sodium hydroxide, the anhydride is converted to the disodium salt of the diacid. 


О О 
но i Т 
"T +  2NaOH № ~OCCH,CH,CO™ Nat 
OF =O 


Succinic anhydride Sodium Sodium succinate 
hydroxide 


(f) One of the carbonyl groups of the cyclic anhydride is converted to an amide function on 
reaction with ammonia. The other, the one that would become a carboxylic acid group, is 
converted to an ammonium carhoxylate salt. 


О О 
H,O + | | 
zi d + мн; NH, "OCCH;CH;CNH; 
О О 


О 
Succinic anhydride Ammonia Ammonium succinamate 
(g) .. aS 
2 ин 
Methyl benzoate Phenylmagnesium 


bromide 
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(А) Acid anhydrides react with alcohols to give an ester and a carboxylic acid. 


Йй ЇЙЇ 
CH,COCCH, +  CH;CH;CHCH;CH; CH,CH;CHCH;,CH,; + CH4CO;H 


OH Өе 
О 
Acetic anhydride 3-Pentanol i-Bthylpropyl acetate Acetic acid 
(i) :0 
|. i .. .. 
рт ССБ C )-oxcndn + CH,CH,OH 
se Ы 3 oe ae 


Ethyl phenylacetate 


(j The starting material is a cyclic ester, a lactone. Esters undergo saponification in aqueous base to 
give an alcohol and a carboxylate salt. 


О 
H,O Н__ 4 
+ NaOH HOCH4CH;CH;CO Na 
o О 
4-Butanolide Sodium Sodium 4-hydroxybutanoate 
hydroxide 


(k) Ammonia reacts with esters to give an amide and an alcohol. 


О 
H20 || 
ee + NH HOCH;CH;CH;CNH; 
О О 
4-Butanolide Ammonia 4-Hydroxybutanamide 


(I) Lithium aluminum hydride reduces esters to two alcohols; the one derived from the acyl 
group is a primary alcohol. Reduction of a cyclic ester gives a diol. 


1. LiAIH4 
um о”  HOCH;CH,CH;CHOH 
‚НУ 
0559 


4-Butanolide 1,4-Butanediol 


(m) Grignard reagents react with esters to give tertiary alcohols. 


ОН. 
1. 2СН 

ee и HOCH,CH,CH,CCH, 
зо? CH; 


4-Butanolide 4-Methyl-1,4-pentanediol 
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(n) In this reaction, methylamine acts as a nucleophile toward the carbonyl group of the ester. 
The product is an amide. 


[e О 
Р i i 
CH;NH; + CsHsCH,COCH2CH; CgH,CH;CNHCH, + CH;CH,OH 


Methylamine Ethyl phenylacetate N-Methylphenylacetamide Ethyl alcohol 


(о) The starting material is a lactam, a cyclic amide. Amides are hydrolyzed in base to amines and 
carboxylate salts. 


H;0 NN 
ee + NaOH Z CH4NHCH;CH;CH;CO Nat 
О 
ү 
CH; 
N-Methyl pyrrolidone Sodium Sodium 4-(methylamino)butanoate 
hydroxide 


(p) In acid solution, amides yield carboxylic acids and ammonium salts. 


NR 
au + HOt CHjNCH;CH,CH;COH 
О | | 
N H 
CH; 
N-Methylpytrolidone — Hydronium 4-(Methylammonio)butanoic 
ion acid 


(4) Acetanilide is hydrolyzed in acid to acetic acid and the conjugate acid of aniline. 


О О 
i i 
CeH;NHCCH; + НО + на CQH4NH,CIT +  CH4COH 


Acetanilide Water Hydrogen Anilinium Acetic acid 
chloride chloride 


(r) This is another example of amide hydrolysis. 


О 
i 
CsH;CNHCH,; + НО + HSO, 


|| + 
CsH;COH + CH3NH; HSOg 


N-Methylbenzamide Water Sulfuric acid Benzoic Methylammonium 
acid hydrogen sulfate 


(s) One way to prepare nitriles is by dehydration of amides. 


|| P4016 
CNH, ——— сем + HO 


Cyclopentanecatboxamide Cyclopentyl cyanide 
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(© Nitriles are hydrolyzed to carboxylic acids in acidic media. 
HCI, H;O 


heat 
3-Methylbutanenitrile 3-Methylbutanoic acid 


i 
(CH3),CHCH,C=N (CH3),CHCH,COH 


(и) Nitriles are hydrolyzed in aqueous base to salts of carboxylic acids. 


О 
= NaOH, НО Ш 
СНО C=N Cami ^ CHO CO Na + NH; 


p-Methoxybenzonitrile Sodium p-methoxybenzoate Ammonia 


(v) Grignard reagents react with nitriles to yield ketones after addition of aqueous acid. 


t, CH3MgBr 
не 
2. H30* 


Propanenitrile 2-Butanone 


i 
CH4CH4CEN CH4CH;CCH, 


19.30 (a) By working through the sequence of reactions that occur when ethyl formate reacts with a Grignard 
reagent, we can see that this combination leads to secondary alcohols. 


1. RMgX, diethyl ether 


T 
RCH + CH3CH;OMgX 


| 
RMgX + HCOCH;CH; 2. H;0* ECHR 
OH 
Grignard Ethyl formate Aldehyde Secondary 
reagent alcohol 


This is simply because the substituent on the carbonyl carbon of the ester, in this case a hydrogen, is 
carried through and becomes a substituent on the hydroxyl-bearing carbon of the alcohol. 


(b) Diethyl carbonate has the potential to react with 3 moles of a Grignard reagent. 


i T 
RMgX + CH4CH;OCOCH;CH4 RCOCH;CH, + CHa4CH;OMgX 


Grignard Diethyl Ester 
reagent carbonate 
RMgX 
R | 
1. RMgX 
RCR VUE RCR + CH3CH,OMgX 
| 2. H30 
OH 
Tertiary alcohol Ketone 


The tertiary alcohols that are formed by the reaction of diethyl carbonate with Grignard reagents have 
three identical R groups attached to the carbon that bears the hydroxyl substituent. 
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19.31 The reactant is a cyclic diester of carbonic acid. Hydrolysis gives a diol as the organic product plus carbonic 
acid. Carbonic acid spontaneously dissociates to carbon dioxide and water. 


o СНз H,O pe a CH; 
O ЕСЕ OH HO 203 


5-Ethyl-5-methyl- 1,3-dioxan-2-one Carbonic acid — 2-Ethy!-2-methyl-1,3-propanediol 


19.32 (a) Acetyl chloride is prepared by reaction of acetic acid with thionyl chloride. The first task then 
is to prepare acetic acid by oxidation of ethanol. 


K2Cr207, H250, | SOCI Ш 
CH4CH;OH 5 E СЊСОН 2 CH3CCI 
2 
Ethanol Acetic acid Acetyl chloride 


(b) Acetic acid and acetyl chloride, available from part (a), can be combined to form acetic anhydride. 


O 
|| | | | 
CH;COH +  CH&CCI CH4COCCH, + HCI 
Acetic acid Acetyl chloride Acctic anhydride Hydrogen 
chloride 


(c) Ethanol can be converted to ethyl acetate by reaction with acetic acid, acetyl chloride, or acetic 
anhydride from parts (a) and (5). 


О 
|| + il 
СЊСЊОН +  CH4COH E CH;3COCI5CH, + НО 
Ethanol Acetic acid Ethyl acetate Water 
or 
0 
|| pyridine tl 
CH,CH,OH + сњса CH4COCH;CH; 
Ethanol Acetyl chloride Ethyl acetate 
ог 
ИИ pyridine || 
CH4CH;OH + CH;COCCH; CH43COCH;CHs 
Ethanol Acetic anhydride Ethyl acetate 


(d)-Reaction of acetyl chloride; prepared-in part (а); or acetic-anhydride; from part (b); with-ammonia 
gives acetamide. 


NH; 


|| it il | 
CH3CCI or CH3COCCH; СНзСМНо 


Acetyl Acetic Acetamide 
chloride anhydride 
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(e) The desired hydroxy acid is available from hydrolysis of the corresponding cyanohydrin, which 
may be prepared by reaction of the appropriate aldehyde with cyanide ion. 


О О 
|| 11 
CHGCHCOH 75 CHSOHGEIN 0 СЊСН 
он OH 


In this synthesis, the cyanohydrin is prepared from ethanol hy way of acetaldehyde. 


Ш a 

PCC KCN - 
CH4CH;O0H енер 7 CH;CH Н+ CH3;CHC=N 

Ethanol Acetaldehyde 2-Hydroxypropanenitrile 
H30, H*, heat || 
CH.CHCEN . —L———— —- — CH, CHCOH 
n 1. НО“, H20, heat OH 
2.H* . 
2-Hydroxypropanenitrile 2-Hydroxypropanoic 


acid 


19.33 (a) Benzoyl chloride is made from benzoic acid. Oxidize toluene to benzoic acid, and then treat with thionyl 


chloride. 
Di Di 
K5Cr?0;, H5S0 SOCI 
CJH,CH, r 7 . — CH;COH 2 C6HsCCl 
H,0, heat 

Toluene Benzoic acid Benzoyl! 

chloride 

(b) Benzoyl! chloride and benzoic acid, both prepared from toluene in part (a), react with each other 


to give benzoic anhydride. 


ЕН 
СеН;СОСС;Н; 


| || 
C;H;SCOH + САНС 


Benzoic acid Benzoyl Benzoic anhydride 
chloride 


(c) Benzoic acid, benzoy! chloride, and benzoic anhydride were prepared in parts (a) and (b) of this 
problem. Any of them could be converted to benzyl benzoate on reaction with benzyl alcohol. 
Thus, the synthesis of benzyl benzoate requires the preparation of benzyl alcohol from toluene. 
This is effected by a nucleophilic substitution reaction of benzyl bromide, in turn prepared by 
halogenation of toluene. 


N-bromosuccinimide (NBS) H-0 
M СНС = 


СоН5СНз C;H5CH20H 


or Bro, light 


Toluene Benzyl bromide Benzyl alcohol 


Alternatively, recall that primary alcohols may be obtained by reduction of the corresponding 
carboxylic acid. 


1. LiAIH4 
2. H50 
Benzoic acid Benzy! alcohol 


i 
CsH;COH C6HsCH,0H 
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Then 


И pyridine | 
сењеса + C6H;CHOH = — CeH;COCH;CdlHs 
Benzyl benzoate 


Benzoyl Benzyl alcohol 


chloride 
(d) Benzamide is prepared by reaction of ammonia with either benzoyl chloride from part (a) or 


benzoic anhydride from part (5). 


O >: оо О 

i til NH; i 
СНС or СеН5СОССьН‹ - CsHsCNH2 
Benzoyt Benzoic anhydride Benzamide 
chloride 


(e) Benzonitrile may be prepared by dehydration of benzamide. 


|| РАО 

CeH,CNH; | —- —- СН5С=М 
5 heat 

Benzamide Benzonitrile 


(f) Benzyl cyanide is the product of nucleophilic substitution by cyanide ion on benzyl bromide or 
benzyl chloride. The benzyl halides are prepared by free-radical halogenation of the toluene side chain. 


а NaCN Fan 
СоН5СНз "rt С%Н5СН»С1 = СоН5СН.СЕМ 


heat 
Toluene Benzyl chloride Benzyl cyanide 
Of 
NBS NaCN = 
CHCH; MR СеН;СН,Вг = ———- — C4H4CH;CEN 
2» 
light 
Toluene Benzyl bromide Benzyl cyanide 


(g) Hydrolysis of benzyl cyanide yields phenylacetic acid. 


2 H30, Н* heat | 
СНАСВСЕМ |  CeH,CH;COH 
1. NaOH, heat 

2.H* 
Benzyl cyanide Phenylacetic acid 


_ Alternatively, the Grignard reagent derived from benzyl bromide may be carboxylated. 


О 

Mg 1. СО; | 
С%Н5СН»Вг diethyt ether C;H5CH;MgBr 2. H,0* СеН5СН2СОН 
Phenylacetic acid 


Benzyl bromide Benzylmagnesium 
bromide 
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(ћу The first goal is to synthesize p-nitrobenzoic acid because this may be readily converted to the desired 
acyl chloride. First convert toluene to p-nitrotoluene; then oxidize. Nitration must precede oxidation of 
the side chain in order to achieve the desired para orientation. 


О 
HNO; K3Ct505, H2504 il 
€ Yos H,S0, ont \— CH; — Нона > ont \- COH 


Toluene p-Nitrotoluene p-Nitrobenzoic acid 
(separate from ortho isomer) 


Treatment of p-nitrobenzoic acid with thionyl chloride yields p-nitrobenzoyl chioride. 


О О 
|| SOCI, | 
ON COH ИУ ОМ ССІ 


p-Nitrobenzoic acid p-Nitrobenzoyl chloride 


(i) To achieve the correct orientation in m-nitrobenzoyl chloride, oxidation of the methyl group must 
precede nitration. 


ON 
K2C1r207, H3804 HNO4 
У и 
( с H20, heat COH #80, COH 
Toluene Benzoic acid m-Nitrobenzoic acid 


Once m-nitrobenzoic acid has been prepared, it may be converted to the corresponding acyl chloride. 


ON ON 
|| " 
SOCI 
COH : CCI 
m-Nitrobenzoic acid m-Nitrobenzoyl chloride 


|| 
19.34 The problem specifies that СНАСЊСОСЊСНза is to be prepared from !8O-labeled ethyl 
alcohol (Ө = 180). 


О 
i 
CH,CH,CC| +  CH4CH;0H 


|| 
CH;CH;,COCH;CH; 


Propanoyl Ethyl alcohol Ethyl propanoate 
chloride 


Thus, we need to prepare 13O-labeled ethyl alcohol from the other designated starting materials, 
acetaldehyde and !80-enriched water. First, replace the oxygen of acetaldehyde with 180 by the 
hydration—dehydration equilibrium in the presence of !8O-enriched water. 


О OH 


|| 
CH4CH + HO 


| | 
CH;CH + НӨ CHER 
ӘН 
Acetaldehyde !80-епгісһей Hydrate of '80-enriched Water 


water acetaldehyde acetaldehyde 
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Once !80Q-enriched acetaldehyde has been obtained, it can be reduced to !8O-enriched ethanol. 


[2] 
| NaBH,, СИОН 
CHCH ——  —- CHCH OH 
|. LiATHy 
2. H20 


19.35 (a) The rate-determining step in basic ester hydrolysis is nucleophilic addition of hydroxide ion 


(b) 


(c) 


to the carbonyl group. The intermediate formed in this step is negatively charged. 


О d 
|| 
CH;COCH;CH,; + HO Chae OCB CMs 
OH 
Ethyl acetate Hydroxide Rate-determining 
ion intermediate 


The electron-withdrawing effect of a CF4 group stabilizes the intermediate formed in the 
rate-determining step of ethyl trifluoroacetate saponification. 


О ral 
| МЕ 
CF4COCH;CH; + HO TP OSCH; 
OH 
Ethyl trifluoroacetate Hydroxide Rate-determining 
ion intermediate 


Because the intermediate is more stable, it is formed faster than the one from ethyl acetate. 


Crowding is increased as the transition state for nucleophilic addition to the carbonyl group 
is approached. The carbonyl carbon undergoes a change in hybridization from sp? to sp?. 


2 3 
CHO Р CH; O7 ДР 
mara Е D^ 
EE. ТЕСНА + OH Hae ОСЕ 
CH, CH; OH 
Ethy! 2,2-dimethytpropanoate Hydroxide Rate-determining intermediate; 
ion crowded 


The tert-butyl group of ethyl 2,2-dimethylpropanoate causes more crowding than the methyl group 


of ethyl acetate; the tetrahedral intermediate is less stable and is formed more slowly. 


565 


We see here another example of a steric effect of a tert-butyl group. The tetrahedral intermediate formed 
when hydroxide ion adds to the carbonyl group of tert-butyl acetate is more crowded and less stable than 


the tetrahedral intermediate formed from methyl acetate. 


с ди 
CH.COCCH, + но“ CH3COCCH, 
CH; HO CH; 
tert-Butyl-acetate Hydroxide s Rate-determining 
ion intermediate; more crowded 
О о" 
CH;COCH; + HOT снзсосн, 
HO 
Methyl acetate Hydroxide Rate-determining intermediate; 
ion less crowded than intermediate 


from tert-butyl acetate 
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(d) Here, as in part (a), we have an electron-withdrawing substituent increasing the rate of ester 
saponification. It does so by stabilizing the negatively charged intermediate formed in the 
rate-determining step. 


Oo О 


| | 
COCH; more stable than сосн» 
ОН OH 
+ 
= 
N 
Өлү. 
О 
Rate-determining intermediate Rate-determining intermediate 
from methyl m-nitrobenzoate from methyl benzoate 


(e) Addition of hydroxide to 4-butanolide introduces torsional strain in the intermediate because of eclipsed 
bonds. The corresponding intermediate from 5-butanolide is more stable because the bonds are staggered 
in a six-membered ring. 


H H 
we H Eclipsed H Staggered 
o7 bonds О ОН bonds 
O OH o7 
Less stable; More stable; 
formed more slowly formed faster 
(f) Steric crowding increases more when hydroxide adds to the axial carbonyl group. 
SN ӘН 
C. ES 
OCH;CH; © 
Се ОСЊСНз 
OH 
Cis diastereomer: greater increase in crowding Trans diastereomer: smaller increase in crowding 
when carbon changes from sp? to sp"; when carbon changes from sp? to sp?; 
formed more slowly formed more rapidly 


19.36 Hydrolysis of tert-butyl acetate does not occur by the same mechanism as other esters discussed in this 
chapter. Formation of a tetrahedral intermediate, normally the rate-limiting step, does not occur. Instead, 
cleavage of the alkyl carbon—oxygen bond takes place due to the stability of the tert-butyl carbocation, a 
tertiary carbocation. The tert-butyl carbocation reacts with water to form tert-butanol. 


0: О: б: 
| .. aa oss | .. 
СЊС—О—С(СНу + н;0* CH,C-O^ OCH); ———= ОНА РОНЕ *C(CH3 
H 
+ HO 


oe + `.. "M eu oe 
н.о + СС ———- €*0—C(CHj); + НО ——- HO-C(CHj; + H30* 
H 


In the case of ethyl acetate, this mechanisin is too high in energy because it would involve the formation of 
an ethyl carbocation, which is a primary carbocation. 
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19.37 Compound A is the p-toluenesulfonate (tosylate) of trans-4-tert-butylcyclohexanol, The oxygen 
atom of the alcohol attacks the sulfur of p-toluenesulfonyl chloride, and so the reaction proceeds with 
retention of configuration. 


0 т 
О O 
irans-4-tert-Butyleyelohexanol p- Foluenesulfonyl chloride trans-A-tert-Butyleyclobexyl 


p-tolucnesulfonate (compound А) 


The second step is a nucleophilic substitution in which benzoate ion displaces p-toluenesulfonate 
with inversion of configuration. 


О 
i 
il; li 
A: EO — Veo» 
Q 
Benzoate ion trans-4-tert-Butylcyclohexyl cis-4-tert-ButylcyclohexyI 
p-toluenesulfonate (compound A) benzoate (compound B) 


Saponification (basic hydrolysis) of cis-4-tert-butylcyclohexyl benzoate in step 3 proceeds with 
acyl-oxygen cleavage to give cis-4-tert-butylcyclohexanol. 


19.38 Reaction of ethyl trifluoroacetate with ammonia yields the corresponding amide, compound A. 
Compound A undergoes dehydration on heating with PyOj9 to give trifluoroacetonitrile, 
compound B. Grignard reagents react with nitriles to form ketones. fert-Butyl trifluoromethyl 
ketone is formed from trifluoroacetonitrile by treatment with tert-butylmagnesium chloride 
followed by aqueous hydrolysis. 


D $ 
МН P40 
CF4COCH;CH4 ч CF4CNH Rr CF4CEN 
Ethyl trifluoroacetate Trifluoroacetamide Trifluoroacetonitrile 
(Compound A) (Compound B) 
- 1, diethyl ether _ il 
CF;C=N + (CH3)3CMgCl E ae CF4CC(CH3) 
| H3 
Compound B tert-Butylmagnesium tert-Butyl trifluoromethyl 
chloride ketone 


19.39 (а) Н.С. LOW „ОСН; n С „О „ОСН 
\ 5 ии А 
` CH4COCCH; ` 
CH;0H 
HO OH 


HO OH . CoHy7NOs 


ИП 


МН, Net 
CH; 
Compound A Compound B 


(b) The amino group in compound À is more nucleophilic than its hydroxyl groups and methanol. 
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(c) In the preceding reaction, methanol is in large excess as the solvent. In the absence of methanol, the 
hydroxyl groups of the carbohydrate, compound A, also react with the excess acetic anhydride to give 


the product that follows. 
H3C Ow OCH 
^ JE P 
C—O ОС 


19.40 The first step is acid hydrolysis of an acetal protecting group. 


Step 1: 
H20, Ht em 
Compound A ee t РОМЕРО CELGEDHCEDOH 
ea 
HO OH 
Compound B 
(C15H3203) 


All three alcohol functions are converted to bromide by reaction with hydrogen bromide in step 2. 


Step 2: 


| it 
Compound B HB: HOC(CH2)sCH—CH(CH2),CHBr 
Br Br 


Compound C 
(CigH5gBr305) 


Reaction with ethanol in the presence of an acid catalyst converts the carboxylic acid to its ethyl 
ester in step 3. 


Step 3: 
i 
Compound SL, CHCH)OC(CH2)s;CH-CH(CH2);CH)Br 
804 | | 
Br Br 
Compound D 


(CisHa3Br407) 


The problem hint points out that zinc converts vicinal dibromides to alkenes. Of the three bromine 
substituents in compound D, two of them are vicinal. Step 4 is a dehalogenation reaction. 


Step 4: 


Zn 
ethanol 


I 
Compound D CH;CH,0C(CH2);CH=CH(CH);CH)Br 


Compound E 
(CigH33BrO;) 
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19.41 


Step 5 is a nucleophilic substitution of the S42 type. Acetate ion is the nucleophile and displaces 
bromide from the primary carbon. 


Step 5: 
li O 
NaOCCH; Il || 
Compound E CHjCO;H CH;CH,0C(CH2)s;CH=CH(CH2);CH2,0CCH, 
Compound F 
(СэоНзвО4) 


Step 6 is ester hydrolysis. It yields а 16-carbon chain having а carboxylic acid function at one end 
and an alcohol at the other. 


Step 6: 


О 


| T i 
КОН, ева - — HOC(CH,)sCH=CH(CH,);CH,0H 


Compound F cS 


Compound G 
(Cj 6H3903) 


In step 7, compound G cyclizes to ambrettolide on heating. 


Step 7: 
US heat TNR 
НОС 
НО Q О 
Compound G Ambrettolide 
(a) This step requires the oxidation of a primary alcobol to an aldehyde. As reported in the literature, 


pyridinium dichromate in dichloromethane was used to give the desired aldehyde in 84% yield. 


li 
HOCH;CH-—CH(CHj;CO;CH, еро — HCCH-CH(CH2;CO;CHs 


Compound A (Е isomer) Compound B 


li 
(b) Conversion of —CH to —CH=CH; is a typical case in wbich a Wittig reaction is appropriate. 


О E 
il «сен: — CH; 
HCCH-CH(CH94CO,CH, | ———-7—— ——- ë HjC—CHCH-—CH(CH;);CO;CH; 


Compound B Compound C 
(observed yield, 5396) 
(c) Lithium aluminum hydride was used to reduce the ester to a primary alcohol in 8196 yield. 
1. АНА 


H,C=CHCH=CH(CH32)7CO2CH3 2 HO 
. Hy 


Compound C Compound D 


570 CHAPTER 19: Carboxylic Acid Derivatives: Nucleophilic Acyl Substitution 


(d) The desired sex pheromone is the acetate ester of compound D. Compound D was treated with acetic 
anhydride to give the acetate ester in 99% yield. 


H i 
CH4COCCH; 


i 
H)C=CHCH=CH(CH)),CH,OH rM H;C—CHCH-CH(CH;);CH,0CCH; 


Compound D (E)-9,11-Dodecadien-1 -yl acetate 
Acetyl chloride could have heen used in this step instead of acetic anhydride. 


19.42 (a) The reaction given in the problem is between a lactone (cyclic ester) and a difunctional Grignard reagent. 
Esters usually react with 2 moles of a Grignard reagent; in this instance both Grignard functions of the 
reagent attack the lactone. The second attack is intramolecular, giving rise to the cyclopentanol ring of 


the product. 
+ s 
m car mm Ma 
о“ СО 67 ‘OP 
4-Butanolide X 


BrMg чо: ERA 
ОГ MgBr 


Protonation of both oxygens completes the reaction. 


H30* 
HO OH 


e$. + 
Q: MgBr 1-(3-Нудгохургору!)- 
cyclopentanol (88%) 


=. 
ВМ; ©: 


D 


(b) An intramolecular acy] transfer process takes place in this reaction. The amine group in the thiolactone 
starting material replaces sulfur on the acyl group to form a lactam (cyclic amide). 


т 


Thiolactone Tetrahedral Lactam 
intermediate 


19.43 Compound A contains an amine, an amide, and an ester. The ester is hydrolyzed in aqueous acid to give a 
carboxylic acid and an alcohol (ethanol). The amide is hydrolyzed in aqueous acid to give a carboxylic 
acid and an amine. This amine and the amine functional group present in compound A are protonated to 
give the hydrochloride salts. 


н О О н О О 
i | i HCI + i | + | 
H;N—C—CNH COCH;CH, = H:N-C-COH + ну COH 
2 


СН» ср СНз CI- 
Compound A + CH4CH;O0H 
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19.44 The ester is formed from (S)-2-methylbutanoic acid and the hydroxy] group on the left-hand ring of 
mevinolin. The lactone can be formed from the open-chain hydroxy acid. 


О OH 


OH 


CH; 


19.45 Compound A is an ester but has within it an amine function. Acyl transfer from oxygen to nitrogen converts 
the ester (o a more stable amide, compound B. 


R 
сч R cores ArCNCH;CHOH 
• o m 2 2 
H^ d bo <<. И 
a НО "Ar 
Compound A Tetrahedral Compound B 
(Ar = p-nitrophenyl) intermediate (Ar = p-nitrophenyl) 


The tetrahedral intermediate is the key intermediate in the reaction. 


19.46 (a) The rearrangement in this ргоћеш is an acyl transfer from nitrogen to oxygen. 


te NH Н 
HO NH Oz ct NH; 
O-C C Аг 
N их 
Ar HO Ar O 
Compound A Tetrahedral Compound B 
(Аг = p-nitrophenyl} intermediate (Аг = p-nitrophenyl) 


This rearrangement takes place in the indicated direction because it is carried out in acid solution. 
The amino group is protonated in acid and is no longer nucleophilic. 


(b) The trans stereoisomer of compound A does not undergo rearrangement because when the oxygen and 
nitrogen atoms on the five-membered ring are trans, the necessary tetrahedral intermediate cannot 


form. 
19.47 (a) R — R —— R 
slow + | ГУ fast to 
+ P LT \ T Aa aa X P, zx ® * Cl 
Це S О 
Pyridine Acyl chloride Tetrahedral Acylpyridininm Chloride ion 


intermediate ion 
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(0) == R — КОН 
+ КОМ. m + | | 
N А + or N Vu Me 
0: H :0ї 
Acylpyridinium 
ion 
(с) — R H — As R == 
ов + “м обе + HN 
Е: \_/ X 7 E. \ / 
У D Pyridinium ion 
(d — AR — R 
p Q—R' : + C O—R' 
e й 7 IM 
ЈЕ lor w :д 
Ester 


(e) The sum of the individual mechanistic steps corresponds to the overall reaction. The reaction of acyl 
chlorides with alcohols in the presence of pyridine gives an ester in part (d), a pyridinium ion in part (c), 
and chloride ion in part (a). The acylpyridinium ion, although not a final product, is an important 
intermediate in this reaction. 


19.48 The compound contains nitrogen and exhibits a prominent peak in the IR spectrum at 2270 ст“); it is likely to 


19.49 


19.50 


be а nitrile, Its molecular weight of 83 is consistent with the molecular formula C;HgN. The presence of four 


signals in the б 10 to 30 region of the 13С NMR spectrum suggests an unbranched carbon skeleton. This is 
confirmed by the presence of two triplets in the ІН NMR spectrum at д 1.0 (CH, coupled with adjacent CH») 
and at 6 2.3 (CH,CN coupled with adjacent CH3). The compound is pentanenitrile. 


CH,CH,CH,CH,C=N 


Pentanenitrile 


The compound has the characteristic triplet-quartet pattern of an ethyl group in its ЇН NMR spectrum. 
Because these signals correspond to ten protons, there must be two equivalent ethyl groups in the molecule. 
The methylene quartet appears at relatively low field (6 4.1), which is consistent with ethyl groups bonded to 
oxygen, as in —ОСНоСН.. There is a peak at 1730 стг! in the IR spectrum, suggesting that these ethoxy 
groups reside in ester functions. The molecular formula Сан, 40, reveals that if two ester groups are present, 


there can be no rings or double bonds. The remaining four hydrogens are equivalent in the ІН NMR 
spectrum, and so two equivalent CH, groups are present. The compound is the diethyl ester of succinic acid. 


i i 
CH4CH;OCCH;CH;COCH;CH4 


Diethyl succinate 


The compound (C4H,O,) has an index of hydrogen deficiency of 2. With two oxygen atoms and a 


peak in the infrared at 1760 cn“, it is likely that one of the elements of unsaturation is the 
carbon-oxygen double bond of an ester. The ЇН NMR spectrum contains a three-proton singlet 
at 6 2.1, which is consistent with a Снзс unit. It is likely that the compound is an acetate ester. 


O 
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The {ЗС NMR spectrum reveals that the four carbon atoms of the molecule are contained in one 
each of the fragments СНз, СН», and CH, along with the carbonyl carbon. In addition to the two 


carbons of the acetate group, the remaining two carbons ate the CH, and CH carbons of a vinyl group, 
CH=CH). The compound is vinyl acetate. 


6 202 
ô 96.8 
| фо 
4 
СНС” 
| осн=сњ 
$ 167.6 


8 141.8 


Each vinyl proton is coupled to two other vinyl protons; each appears as a doublet of doublets in 
the ЇН NMR spectrum. 


ANSWERS TO INTERPRETIVE PROBLEMS 


19.51 C; 19.52 D; 19.53 B; 19.54 A; 19.55 A; 19.56 B; 19.57 D 


SELF-TEST 


1. Giveacorrect IUPAC name for each of the following acid derivatives: 
Di i 
(a) CH3CH;CH;OCCH;CH;CH; (c) (CH3j;CHCH;CH;CCI 


(b) C¢HsCNHCH, 

2. Provide the correct structure of 
(a) Benzoic anhydride 
(b) N-(1-Methylpropylacetamide 
(c) Phenyl benzoate 


3. What reagents are needed to carry out each of the following conversions? 


i 
CeH4CH;CCI 


(a) CeH4CH;CO;H 


О 
i 
CsHsCNHCH,CH(CH;). + CH30H 


(b) (CH3;CHCHNH; 


SEES OH В 
| | 
(c) CeHsCHCOCH, ypo (CHs):CHCCH(CH3), + — CH4OH 
CH)C,Hs 


4, Write the structure of the product of each of the following reactions: 


1. NaOH, #20 


(a) Cyclohexyl acetate at ? (two products) 


di 
(b) Cyclopentanol + benzoyl chloride ae 
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О 
(с) о + сњсњон — 9. 2 
О 


(d) Ethyl propanoate + dimethylamine ———————- ? (two products) 


О 
| H20, H250. 
(e) nic Venen, жаы ? (two products) 


1. 2C6HsMgBr 


H 
2. H0* f 


i 
(f) CH,COCH;CH; 


The following reaction occurs when the reactant is allowed to stand in pentane. Write the structure 
of the key intermediate in this process. 


Q 
i 
C&H4COCH;CH;NHCH; 


CH3NCH;CH;OH 
CgH3C—O 


Give the correct structures, clearly showing stereochemistry, of each compound, A through D, in the 
following sequence of reactions: 


СОН 
SOCH NH Р.О 
CY ee д 2 B un = С (CgHj4N) 
“CH; 


Write the structure of the neutral form of the tetrahedral intermediate in the 


(a) Acid-catalyzed hydrolysis of methyl acetate 


(b) Reaction of ammonia with acetic anhydride 


O 
i 
Write the steps necessary to prepare nc Sem, from <= 


Outline a synthesis of benzyl benzoate using toluene as the source of all the carbon atoms. 


Benzyl benzoate 


The IR spectrum of a compound (C3H¢CINO) has an intense peak at 1680 cmi. Its ІН NMR spectrum 


consists of a doublet (ЗН, ё 1.5), a quartet (ІН, 6 4.1), and a broad singlet (2H, 8 6.5). What is the structure 
of the compound? How would you prepare it from propanoic acid? 


CHAPTER 20 


Enols and Enolates 


SOLUTIONS TO TEXT PROBLEMS 


20.1 (b) Hydroxide acts as a base and removes a proton from the о carbon. Although the structure of the enolate 
is shown as having a trans double bond, it is actually present as a E/Z mixture, 


О О: 
e NE. 
.. ee SA 
H-0: + (спуснену `H = НО: + Се н 
H H (СВ); CH 
Hydroxide ion 3-Methylbutanal Water Enolate 
(base) (acid) (conjugate acid) (conjugate base) 


(c) Hydroxide acts as a base and removes a proton from the © carbon. As in part (a) of this question, both E 
and Z isomers of the enolate will be present. 


$2 ii 
H-OF + сизен "008, = H-Ó: + "~e ons, 
"e ro сен H CH; 
ы RE сс иге карачач С aaa 
(base) (acid) (conjugate acid) (conjugate base) 
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20.2 Methyllithium attacks the carbonyl carbon of aldehydes and ketones to give, after protonation, an alcohol. 
The synthesis of alcohols by this method is discussed in Chapter 14. 


Lit 
: :О: :OH 
Eo <: | nó: | EU 
СН. + p gp R-C-R R-C-R + Hj0: 
ib CH; CH, 
Methyllithium Aldehyde Alcohol 


or ketone 
20.3 (b) The most acidic proton is œ to both carbonyls. Deprotonation gives the enolate. 


0 :0 


H + ÖH x ^H + H-OH 


H LT d 


The three major resonance contributors are: 


:0: 0 : :65 :0 :0: 
> — ao 22 


(1 H 


:9 30 го О 
.. = Жы. | а és + = ae 
OCHCH, + „98 o ———* OCH CH, H—ÖH 
ee 
The three major resonance contributors are 
cie :0 :0 .:0 :0 20: 
OCH,CH; ——= Y “осн›сн; OCH;CH; 


20.4 (a) The thermodynamically favored enolate contains the more highly substituted double bond whereas the 
kinetically favored enolate is formed from the less substituted о, carbon. 


: o : 9 : 
(CH35C—CCH; (CH3),CH—C=CH, 


Thermodynamicaliy Kinetically 
favored favored 
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(b) The thermodynamically favored enolate contains the more highly substituted double bond whereas the 
kinetically favored enolate is formed from the less substituted о carbon. 


:0: :0: 
ое Ss (CH3)3C - беса 


Thermodynamically Kinetically 
favored favored 


(c) The thermodynamically favored enolate contains the more highly substituted double bond whereas the 
kinetically favored enolate is formed from the less substituted о carbon. 


TH :0: 
(ues (буз 


Thermodynamically Kinetically 
favored favored 


20.5 (b) Approaching this problem mechanistically in the same way as part (a), write the structure of the enolate 
ion from 2-methylbutanal. 


Di D jn 
CH;CH,CHCH + НО == CHCH CH CH;CH;C-CH 
CH; CH; CH; 
2-Methylbutanal Enolate of 2-methylbutanal 


This enolate adds to the carbonyl group of the aldehyde. 


jo и ү 
CH,CH,CHCH | :CCH;CH; CH4CH;CHCH—CCH;CH; 
CH; HC-O CH; НС=0 


2-Methylbutanal Enolate of 
2-methylbutanal 


A proton transfer from solvent yields the product of aldol addition. 


Q^ CH; HO CH; 
CCID ACHE. CHCH + НО ОБРИ НОН ССН + HO. 


CH; HC=O CH; HC=O 


2-Ethyl-3-hydroxy-2,4........ 
dimethylhexanal 
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(c) The aldol addition product of 3-methylbutanal can be identified through the same mechanistic approach. 


|| > || 
(СНАСНСЊСН + HO === (СН:),СНСНСН + H20 


3-Methylbutanal Enolate of 
3-methylbutanal 
ib isl 
(CH4,CHCH;CH + !CHCH(CH;), (CH3)2CHCH,CH—CHCH(CH3), 
| | 
HC-O HC—O 
` 3-Methylbutanal Enolate of 
3-methylbutanal 
H30 
DH 
(CH3),CHCH,CH—CHCH(CH3), + он" 
HC-O 


3-Hydroxy-2-isopropyl-5-methylhexanal 


20.6 Dehydration of the aldol addition product involves loss of a proton from the o-carhon atom and hydroxide 
from the B-carbon atom. 


OH о 
RoC+-CHCH heat 
2 t 


i 
R;C—CHCH + H,O + но" 


(b) The product of aldol addition of 2-methylbutanal has no © hydrogens. It cannot dehydrate to an aldol 
condensation product. 


a 
2 CH;CH;CHCH —=©—— (QCcHcH,cHCH- CCH;CH; 
CH; CH, HC-O 
2-Methylbutanal (No protons on a-carbon atom) 
(c) Aldol condensation is possible with 3-methylbutanal. 
с HO 
2(CHjjCHCH,CH == 9 120 


| 
(CH3oCHCH;CHCHCH(CH3)? (CHSOCHCEDCH-CCB(GES)g 
HC=O HC-O 


3-Methylbutanal Aldol addition product 2-Isopropyl-5-methyl-2-hexenal 
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20.7 (b) 
CH; CH3 
с» = Cl 
CH, 
(c) 


О 
CH; 
О О 
CH; сә es 
ih i^ 
CH 
3 CH, 
20.8 The carbon skeleton of 2-ethyl-1-hexanol is the same as that of the aldol condensation product derived from 


butanal. Hydrogenation of this compound under conditions in whicb both the carbon-carbon double bond 
and the carbonyl group are reduced gives 2-ethyl-1-hexanol. 


О 
i || i 
CH,CHCH,CH SUS CH,CH,CHCH-CCH — —®*— CH,CH;CH;CH;CHCH;0H 
CH;CH; CHCH; 
Butanal 2-Ету1-2-ћехепа! 2-Bthyl- i -hexanol 


20.9 Acetaldehyde can lose an & hydrogen to form an enolate. 


0 
H,C=CH + H,O 


i 
CH;CH + но" 


The enolate can add to either a second molecule of acetaldehyde (to give 3-hydroxybutanal) or to a molecule 
of propanal (to give 3-hydroxypentanal). 


y OH 
( —5P . CH,CHCH,CH 
HCCH4 
ae Bra. 
02 3-Hydroxybutanal 
. iz 
= OH о 
H,C=CH Ho | m 
CH3CH;CHCH;CH 
HCCH;CH; 
ДУ 3-Hydroxypentanal 


О 


pages 580-581 missing 
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(c) The two a carbons of this diester are not equivalent. Cyclization by attack of the enolate at C-2 gives 


Q О 
| | CH.CH CH3CH,0C. 
CH,CH,OCCHCH,CH,CH,COCH,CH, №ОСНСН —з—? 
| H4C 
CH; 
Site of Enolate attacks 
. ө Ethyl (1-methyl-2- 
carbanion this carbon oxocyclopentane)- 
carboxylate 


This B-keto ester cannot form a stable enolate by deprotonation. It is present in only small amounts at 
equilibrium, The major product is formed by way of the other enolate. 


ОСН2СНз 
О=с“ 
|| H NaOCH;CH 
CH;CH;OCCHCH;CH;CH;COCH;CH; ПАРЕЊЕ g 
CH; 
Enolate Site of H3C 
attacks carbanion 
this carbon Ethyl (3-methyl-2- 
oxocyclopentane)- 
carboxylate 


This В-Кею ester is converted to a stable enolate on deprotonation, causing the equilibrium to shift in its 
favor. 


20.15 (b) Both carbonyl groups of diethyl oxalate are equivalent. Tbe enolate of ethyl phenylacetate attacks one of 
them. 


iil 
CgH;CHCCOCH;CH; 
o E OCHECHS 


O ОО 
- | НИ 


Diethyl 2-охо-3- 
phenylbutanedioate 


(c) The enolate of ethyl phenylacetate attacks the carbonyl group of ethyl formate. 


О 
- | i 
CeHsCHCOCH,CH; + HC-SOCH,CH, 
un ee 


|| 
C6HsCHCH 
à 2СОСН2СНз 
Ethyl 3-oxo-2- 
phenylpropanoate 


20.16 For a five-membered ring to be formed, C-5 must be the carbanionic site that attacks the ester carbonyl. 


0 Q О 
pz „© ~ 
НзС-—СН CH2 i 
M | НзС == H3C + OCH;CH; 
CO E. -CH3 R 
m CH3CH;0 52 д 
Enolate of ethyl Anionic form of 2-Methyl-1,3- 


4-oxohexanoate tetrahedral intermediate cyclopentanedione 
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20.17 The following enolates were generated in each of the two preceding text reactions, respectively. 


Ter Li* "T 
О 2 :0: L 
CH; 
CH; 


Major enolate formed from Мајоғ enolate formed from 
2-methylcyciohexanone 2-methylcyclopentanone 


20.18 (а) The following retrosynthetic analysis indicates that acetophenone and 3-bromo-1-propene are required to 
prepare 1-phenyl-4-penten-1-one. A strong hindered hase, LDA, is required. 


О О у= 
Ku у= Rai 


1-Phenyl-A4-penten-1-one Acetophenone 3-Bromo-1-propene 


(b) The following retrosynthetic analysis indicates that 3-pentanone and benzyl bromide are required to 
prepare 2-methyl-1-phenyl-3-pentanone. A strong hindered base, LDA, is required. 


= me 
О 
O 


2-Methyl-t-phenyl-3-pentanone Benzyl bromide 3-Pentanone 


20.19 The enolate generated from 2,4-pentandione has the three following major resonance structures: 
Or 20 :0 T :О :0: 
Ci MPO I i US [ | 
CH4C—CH-CCH3 CH3C—CH7CCH; CH4C—CH-CCH; 


J 


20.20 Deprotonation of the hydrogen а, to both carbonyls gives the more stable enolate shown. Alkylation of this 
enolate with bromobutane by ар SN2 reaction forms the product shown. 


CH;CH;CH;CH;Br _ 


ii d 
CH3CCHCOCH,CH; 
CH;CH;CH;CH; 


Ü | ii 
CH;CCHCOCH;CH; CH3CCHCOCH;CH; 


| Жи 
t г OCH;CH; 


20.21 The intermediate formed in the decarboxylation step is an enol. Enol-keto tautomerization gives the product 


ketone. 
,H 
- АР 
: :O :O 
i S —со, Г oH à " 
cuj “Op cuc e єн 
R H R R 


Enol Ketone 
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20.22 (b) Write a structural formula for the desired product; then disconnect a bond to the a-carbon atom. 


Q о 
|| — ll 
Gc =. = + 3CH)CCH; 
X 


4-Phenyi-2-butanone Required Derived from 
alkyl halide ethyl acetoacetate 
Therefore 
1 ( Di 
1. МаОСН2СН 
Е + CH3CCH;COCH;CH, звоно " € \-cazcusten, 
3. НО" 
4. heat 
Benzyl bromide Ethyl acetoacetate 4-Phenyl-2-butanone 


(c) The disconnection approach to retrosynthetic analysis reveals that the preparation of 5-hexen-2-one by 
the acetoacetic ester synthesis requires an allylic halide. 


О 
H E 
H;C—CHCH;3-CH;CCH; [> H,C-CHCHo + :сњоснњ 
X 


5-Hexen-2-one Required Derived from 
alkyl halide ethyl acetoacetate 


Ü d i 
HjC—CHCHjBr  CH4CCH,COCH;CHs DEA = H;C—CHCH;CH;CCH; 


3. H30* 
4. heat 


Allyl bromide Ethyl acetoacetate 5-Hexen-2-one 


20.23 Retrosynthetic analysis of the formation of 3-methyl-2-butanone is carried out in the same way as for other 
ketones. 


О О 
|| lic. 
CH;CCH3-CH; [> CHCH + 2CH:X 


СН; 
3-Methyl-2-butanone Derived from 
(two disconnections as shown) ethyl acetoacetate 


The two alkylation steps are carried out sequentially. 


| | NaOCH;CH; (0 || NaOCH,CH; It tl 1, НО, HO 9 
CH3CCH;COCH;CH3 CBr CEC CHC OCH Hs ^ CHBr o^ CH3CCCOCH)CHs нао. CH;CCH(CH;), 
НзС CH3 “леа 


CH3 


1 Ethyl 3-Methyl-2-butanone 


Ethyl acetoacetate Bthy 
2-methyl-3-oxobutanoate 2,2-dimethyl-3-oxobutanoate 
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2 
20.24 (b) Nonanoic acid has a CH3(CH2)sCH2—- unit attached to the СНОСОН synthon. 


О 
i . | 
CH3(CH3)CH52-CH;COH = CH4CHj4CH;X +  :CH;COH 


Nonanoic acid Required alkyl halide Derived from 
diethyl malonate 


Therefore the anion of diethyl malonate is alkylated with а 1-haloheptane. 


СНУСН25СНоВг + CH(COOCH;CH); 92909  CH(CH;)SCH;CH(COOCH;CH3); 
t-Bromoheptane Diethyl malonate Diethyl 2-heptylmalonate 


1. НОТ, НО 
2. H40* 
3. heat 


CH4(CH5))CH;CH;CO;H 


Nonanoic acid 


(c) Disconnection of the target molecule adjacent to the œ carbon reveals the alkyl halide needed to react 
with the enolate derived from diethyl malonate. 


i _ | 
CH;CH;CHCH;3-CH;COH E CH;CH:CHCH;X + :CH,COH 


CH; CH; 
4-Methylhexanoic Required Derived from 
acid alkyl halide diethyl malonate 


The necessary alkyl halide in this synthesis is !-bromo-2-methylbutane. 


CH;CH;CHCHaBr + CH(COOCH;CHy) CDM CH;CH;CHCH;CH(COOCH;CH;); 
CH; CH, 

I-Bromo-2-methylbutane Diethyl malonate Diethyl 2-(2-methylbutyD)malonate 

1. 807, HO 

2. H40* 

3. heat 

I] 
CHCH;CHCH;CH;COH 


CH; 


4-Methythexanoic acid 
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(d) Once again disconnection reveals the necessary halide, which is treated with diethyl malonate. 
|| i asset II 
CsHsCH)?CH,COH [> CeH&CH;X + :CH,COH 


3-Phenylpropanoic Required Derived from 
acid halide diethyl malonate 


Alkylation of diethy! malonate with henzyl bromide is the first step in the preparation of 
3-phenylpropanoic acid. 


NaOCH;CH; 
ethanol 


1. HO", H;O 
2. H30* 


3. heat 
Benzyl bromide Diethyl malonate Diethyl 2-benzylmalonate 3-Phenyipropanoic acid 


il 
CcH4CH;CH;COH 


CsHsCH2Br + СНХСООСНСНзу C¢H;CH,CH(COOCH,;CH3) 


20.25 The product is a mixture of diastereomers. They have the same absolute configuration at the two chirality 
centers on the ring but a different configuration at the newly created chirality center, which is the carhon that 
has heen alkylated with the allyl group. The alkylation step is diastereoselective. 

Once the chiral auxiliary is cleaved, the 2-methyl-4-pentenoic acid that is obtained is a mixture of 
enantiomers. It is almost entirely the S enantiomer. 


CH; 
H CH CH 
S N 4 ET но # 
Y ~ (poseen 
о о Ó 


(S)-2-Methyl-4-pentenoic acid 


20.26 The more acidic the œ proton, the greater the enol content. B-Dicarbonyl compounds have the most acidic œ 
protons and the largest enol content. 


20.27 (b) Acetophenone has only one о; carbon with attached hydrogens, so only one enol is possible. There are 
no Ё and Z isomers. 


о о 
Acetophenone 1-Phenylethenol 
(keto form) {enol form) 


(c) 2-Methylcyclohexanone has a protons on two nonequivalent œ carbons. Because it is a cyclic six- 
membered ketone, only one isomer (Е) is possible. The two enols are constitutional isomers. 


о ОН ОН 
ноет ИВ, + 


2-Methylcyclohexanone 6-Methyl-1-cyclohexenol 2-Methyl-1-cyclohexenol 
(keto form) (enol form) (enol form) 
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(d) Methyl vinyl ketone has protons on both a carbons, but one of them is attached to an sp’ carbon and 
does not participate in enol formation. (The enol formed at this carbon would result in an nnstable 
cumulated diene.) One enol is possible, involving the methyl group © protons. 


| үн 
HC—CH—C-CH, ~= H),C=CH—C=CH> 
3-Buten-2-one 1,3-Butadien-2-ol 
(keto form) (enol form) 


20.28 The second enol that is a constitutional isomer involves the œ protons on one of the equivalent methyl groups 
and is shown on the left. It is less stable than the constitutional isomer on the right because the double bond 
is not conjugated with the carbonyl group. 


OH о OH о 
Su 
Less stable; More stable; 
nonconjugated double bond conjugated double bond 


20.29 (a) The two most stable enol forms have the carbon-carbon double bond conjugated with the remaining 
carbonyl group. The enols are further stabilized by an intramolecnlar hydrogen bond, which is only 
possible in the Z isomers. 


„H ~ P H м 
О 9 О 
22 
очу ci ~ H 
H H 


(b) The intramolecular hydrogen bond stabilizes the Z isomers in each of the two enols. 


LH. 


(c) The most stable enols have the carbon-carbon bond conjugated with the carbonyl group, and an 
intramolecular hydrogen bond. 


OCH;CHs 22 OCH;CH; 


20.30. The. enol form is.aromatic. 


^y cy" 


2,4-Cyclohexadienone Phenol 
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20.31 As shown in the general equation and the examples in the text, halogen substitution is specific for the 
a-carbon atom. The ketone 2-butanone has two nonequivalent о carbons, and so substitution is possible 
at both positions. Both 1-chloro-2-butanone and 3-chloro-2-butanone are formed in the reaction. 


|| | li 
CH;CCH,CH, + Ch H CICH;CCH;CH, +  CH,CCHCH; 
Cl 
2-Butanone Chlorine 1-Chloro-2-butanone 3-Chloro-2-butanone 


20.32 The carbon-carbon double bond of the enol always involves the original carbonyl carbon and the a-carbon 
atom. 2-Butanone can form two different enols, each of which yields a different a-chloro ketone. 


OH 
|| slow | Ch | 
CH4CCH;CH; H;C—CCH;CH; fast CICH;CCH;CH; 
2-Butanone 1-Buten-2-ol (enol) 1-Chloro-2-butanone 
| qa || 
CH,CCHCH, == CH,C=CHCH; —2 CH,CCHCH; 
Cl 
2-Butanone 2-Buten-2-ol (enol) 3-Chloro-2-butanone 
20.33 
Н +... „Н 


:0 = 
~. — AL ids HELL kids 


дус. 
20.34 The major product results from bromination at the central, methylene carbon. The enol form (Figure 20.2) 
involves this carbon and reaction takes place selectively to give 3-bromo-2,4-pentanedione. 
О О 


^Y 


Br 


3-Bromo-2,4-pentanedione 
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О 
Benzyl methyl ketone (4-Isopropylphenyl) tert-Butyl phenyl ketone Ethy phenyl ketone 
methyl ketone 


20.35 


The highest yields of carboxylic acids are obtained from methyl ketones that can enolize in only 

one direction. With ketones that can enolize in two directions, mixtures are obtained. Thus, the most 
suitahle compound, (4-isopropylphenyl) methyl ketone, best fits tbis criteria. It is a methyl ketone that can 
enolize only toward the methyl group. The carboxylic acid ohtained is isopropyl benzoic acid. 


Benzyl methyl ketone can enolize in both directions and would give a mixture of products containing a lower 
yield of a single carboxylic acid. The tert-butyl phenyl ketone cannot enolize because it has no 0 protons and 
therefore cannot undergo the haloform reaction. Ethyl phenyl ketone is not a methyl ketone so it cannot form 
a trihalomethyl ketone. 


20.36 Bromination occurs at the o carbon, which is then substituted with the amino group by treatment with 
ammonia. 


Br;, РСЊ NH3, Н2О 


(CHa) CHCHCO-H (CH3):CHCHCO;H (CH); CHCHCO;H 


H Br МН, 
Valine 
Valine primarily exists in the zwitterionic form (interual salt) over a wide pH range. 
(CH35;CHCHCO; 


| 
МН; 
+ 


Valine 
Zwitterionie form 


The optical rotation of valine prepared by the Hell- Volhard-Zelinsky route is zero, because the product is 
racemic. 
20.37 Each of the five œ hydrogens has been replaced by deuterium by base-catalyzed enolization. Only the 
OCH, hydrogens aud tbe hydrogens on the aromatic ring are observed in the ІН NMR spectrum at 6 3.9 and 
5 6.7-6.9, respectively. 
CH30 CH30 
О 


[ 
КОЗ, сна CD,CCD; + 5DOH 


i 
CH;O CH,CCH; + 5D,0 


20.38 o Chlorination of (R)-sec-butyl phenyl ketone in acetic acid proceeds via the enol. The enol is achiral and 
yields equal amounts of (R)- and (S)-2-chloro-2-methyl-1-phenyl-1-butanone. The еши! is chiral. It is 
"formed'as а тасепис mixture; however; and this: mixture is not optically active: | 


if E CHCH; . ынс acid HO, /СњСнНз Cb i үз 
Сенс С ———— PG CEE OCR ы 
CH; сен: CH3 dy 
(R)-sec-Butyl phenyl ketone Enol (achiral) 2-Chloro-2-methyl-1- 


phenyl-fÉ-butanone 
(50% R; 50% S) 
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20.39 The chirality center in (R) piperitone is located at a carbon that also has ап œ hydrogen. In the presence 
of base, piperitone is converted to its enolate, which is achiral. From this enolate, conversion to (R)- 
and (S)-piperitone results in a racemic mixture. 


Басе 


(СНз)2СН,, 


L—— (CHCH CH; ___- CH; 


-:0. Ke) 


(R)-Piperitone Achiral enolate (S)-Piperitone 
+ CH3CH;0H 


20.40 Mesityl oxide is an o, B-unsaturated ketone. Traces of acids or bases can catalyze its isomerization so that 
some of the less stable B,y-unsaturated isomer is present. 


HaC, T HC. T 
,C-—CHCCH; : „С CH2CCH3 

HC НС 

Mesityl oxide; 4-methyl- 4-Methyl-4-penten-2-one 
3-penten-2-one (less stable) 


(more stable) 


20.41 Because sodium azide, NaN,, does react to give a product with propanal, one can presume that the reaction 


with acrolein should be a different reaction than the addition to a carbonyl. The relationship between the 
molecular formula of acrolein (C;H,O) and the product (C,H,N,O) corresponds to an addition of НМ.. 


Because a С=С is present, И is probable that 1,4 addition takes place. 


: | б 
H 
CH,—CHCH + NaN, -OOH м, CH,—CH;CH 
Acrolein Sodium | 3-Azidopropanal 
azide 


20.42 The enolate of dibenzyl ketone adds to methyl vinyl ketone in the conjugate addition step. 
О 


| || NaOCH; || 
Ce6H5CH2CCH2CsHs + H;C—CHCCH; CH,OH CeHsCH2CCHCgHs 
RCE CH 
Dibenzyl ketone Methyt vinyl ketone 1,3-Diphenyl-2,6-heptanedione 
via 
Ie | 
CcH;CH;CCHCoHs CeHsCH2CCHC Hs 


H,C-CHCCH; НА OH oth 


CHAPTER 20: Enols and Enolates 591 


The intramolecular aldol condensation that gives the observed product is 


C О 
c CoHs, 2) =: 
СеН5СН— Н.С СН—С 
NaOCH H 
CHC NCHCHs Spon pos SCHC,Hs 0. нс сене 
|'CH;—CH; HO  CH;-CH; 
1,3-Diphenyl-2,6-heptanedione 3-Methyl-2,6-diphenyl-2- 


cyclohexenone 
20.43 Like diethyl malonate, ethyl acetoacetate undergoes Michael addition to an oc --unsaturated ketone. 


О О 


Ш li NaOCH;CH; 
+ CHj4CCH;COCH;CH3 "CH;CH;OH " CHCOCH;CH; 
| 
C 
О “CH; 


Basic ester hydrolysis followed by acidification and decarboxylation gives the diketone 
3-(2-oxopropyl)cycloheptanone as the major product of tbe reaction sequence. 


О 
" 1, KOH, ethanol—water Т 
CHCOCH;CH; A nd CH;CCH; 
g^ “CH; 3-(2-Охоргоруђ- 


cycloheptanone (52%) 


20.44 А second solution to the synthesis of 4-methyl-2-octanone by conjugate addition of a lithium dialkylcuprate 
reagent to an ox, [--unsaturated ketone is revealed by the disconnection shown. 


Во | || 
CH;CH,CH,CH,EHCH,CCHS = CH4CH;CH;CH;4CH-CHCCH; 
Z СН; СН; 


Disconnect this bond. 


According to this disconnection, the methyl group is derived (rom litbium dimethylcuprate. 


О 
|| || 
CH,CH;CH;CH;CH—-CHCCH; +  LiCu(CH3) CH,CH;CH;CH;CHCH;CCHs 
CH; 
3-Octen-2-one Lithium | 4-Methyl-2-octanone 


dimethylcuprate 


592 CHAPTER 20: Enols and Enolates 


20.45 (a) In addition to the double bond of the carbonyl group, there must be a double bond elsewhere in the 
molecule to satisfy the molecular formula СНО (the problem states that the compounds are noncyclic). 


Tbere are a total of five isomers: 


0 T 
0 H H вс CH 
H;C—CHCH;CH с=с. С=С, 
H3C H H H 
3-Butenal (E)-2-Butenal (Z)-2-Butenal 
0 | 
њусессн — H;C—-CHCCH; 
CH; 


2-Methylpropenal 3-Buten-2-one 
(methyl vinyl ketone) 


(b) The Е and Z isomers of 2-butenal are stereoisomers, 

(c) None of ће C,H,O aldehydes and ketones is chiral. 

(d) The a, .-unsaturated aldehydes are (£)- and (Z)- CH;CH=CHCHO; and ено 

CH; 
O 
There is one o, -unsaturated ketone in the group: H,C—CHCCH,, 
(e) The £ and Z isomers of 2-butenal are formed by the aldol condensation of acetaldebyde. 
20.46 The main flavor component of the hazelnut has the structure shown. 


~ и 
C=C Нз 
Н 2 -OH 
о CH3CH; 


(2E, 58)-5-Methyl-2-hepten-4-one 


20.47 (a) The a-bydrogen pK,'s of [-dicarbonyl compounds are much lower than compounds with a single 
carbonyl group. The pX,’s of ketones are lower than those of esters. The order of decreasing acidity is: 


О О О O 
Most Least 
acidic, CH OCH acidic, 
lowest 3 > CH; > 3 highest 
pK, px, 

II I ш 


(b) When compound Lis treated with base, the kinetic enolate and/or thermodynamic enolate can be formed. 
The major product will depend on tbe base and reaction conditions. 


:0: TeH :0: 
Cy cs base Cy ow. Cy o. 


Compound I Kinetic enolate Thermodynamic enolate 
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20.48 (a) 
De a. ~ 
H,C——C==N r-— H,C=—=C==N: 
Anion 
(b) 
oN + + о: 
| они | -———- H,C—=N 
Му Nm 
:0: :0: 
(с) 
Oro T 
Об — Oo 
| | 
О: О: 


20.49 The characteristic reaction of an alcohol on being heated with KHSO, is acid-catalyzed dehydration. 
Secondary alcohols dehydrate faster than primary alcohols, and so a reasonable first step is 


HOCH;CHCH;OH KESO. HOCH,CH=CHOH 
OH 
1,2,3-Propanctriol Propene-1,3-diol 


The product of this dehydration is an enol, which tautomerizes to an aldehyde. The aldehyde then undergoes 
dehydration to form acrolein. 


КНЅО4 
heat 
(-H20) 
Propene-1,3-diol 3-Hydroxypropanal Acrolein 


i i 
HOCH;CH;CH H4C—CHCH 


HOCH,CH=CHOH 


20.50 (a) Hydroformylation converts alkenes to aldehydes having one more carbon atom by reaction with carbon 
monoxide and bydrogen in the presence of a cobalt octacarbonyl catalyst. 


Cox(CO)s 


i 
CH,CH-CH; + CO + № CH34CH;CH;CH 


Propene Carbon Hydrogen Butanal 
monoxide 


(b) Aldol condensation of acetaldehyde to 2-butenal, followed by catalytic hydrogenation of the carbon- 
carbon double bond, gives butanal. 


il И 
NaOH = Н, 
har ^ © H3CH=CHCH m CH3CH;CH;CH 


i 
2 CH4CH 


Acetaldehyde 2-Butenal Butanal 


594 
20.51 (a) 


(b) 


(c) 


(d) 
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Conversion of 3-pentanone to 2-bromo-3-pentanone is best accomplished by acid-catalyzed bromination 
via the enol. Bromine in acetic acid is the customary reagent for this transformation. 


Q 
li | 
CH,CH;CCH;CH, о CH;ÇHCCH;CH; 
Br 
3-Pentanone 2-Bromo-3-pentanone 


Once 2-bromo-3-pentanone has been prepared, its dehydrohalogenation by base converts it to the desired 
a, -unsaturated ketone 1-penten-3-one. 


| || 
CH;CHCCH;CH; КОН.  H,C—CHCCH4CH, 
Br 
2-Bromo-3-pentanone 1-Penten-3-one 


Potassium tert-butoxide is a good base for bringing about elimination reactions of secondary alkyl 
halides; suitable solvents include tert-butyl alcohol and dimethyl sulfoxide. 


Reduction of the carbonyl group of 1-penten-3-one converts it to the desired alcohol. 


1. LiAIH,, diethyl ether 


ii 
HjC—CHCCH;CH. SRO 


H;C—-CHCHCH;CH; 
OH 


1-Penten-3-one 1-Penten-3-ol 


Catalytic hydrogenation would not be suitable for this reaction because reduction of the double bond 
would accompany carhony! reduction. 


Conversion of 3-pentanone to 3-hexanone requires addition of a methyl group to the B-carbon atom. 


i e i 
CH4CH;CH;CCH;CH; = “ICH; + HjC—CHCCH;CH, 


The best way to add an alkyl! group to the B carbon of a ketone is via conjugate addition of a 
dialkylcuprate reagent to an ©, B-unsaturated ketone. 


1. LiCu(CH3)2 


i 
2. ЊО CH3CH2CH2CCH2CH3 


| 
H;C—CHCCH5;CH; 


1-Penten-3-one 3-Hexanone 
[prepared as described in part (b)] 


The compound to be prepared is the mixed aldol condensation product of 3-pentanone and 
benzaldehyde. 


11 we | 
CH;CCCH;CH; m CH,ÜHCCH,CH, + Cal CH 
C6H;CH 


2-Methyl-1-phenyl- 
1-penten-3-one 
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The desired reaction sequence is 


О 
i | i P | 
CH,CH,CCH,CH, —Н9 = сн;СнСснусн; =н CH;CHCCH;CH; HO CH;CCCH;CH; 
CsHsCHOH CsHsCH 
3-Pentanone Enolate of 3-pentanone Aldol addition product 2-Methyl-t-phenyl- 
(not isolated; dehydration 1-penten-3-one 


occurs under conditions 
of its formation) 


20.52 (a) By realizing that the primary alcohol function of the target molecule can be introduced by reduction of 
an aldehyde, it can be seen that the required carbon skeleton is the same as that of the aldol addition 
product of 2-methylpropanal. 

сна 


(снусненссн;он [> cisci > 2(CH;):CHCH 
HO CH; HO 


The synthetic sequence is 


О CH; CH; 
| NaOH 12 NaBH4 | 
(CH);CHCH —овист  (CHX.CHCHCQ ерон" | (СНОСНСНССНОН 
HO CHP HO CH; 
2-Methylpropanal 3-Hydroxy-2,2,4- 2,2,4-Trimethyl-1,3-pentanediol 


trimethylpentanal 


The starting aldehyde is prepared by oxidation of 2-methyl-1-propanol. 


О 

А PCC || 
(CH3),CHCH20H -cpc  (CHi;CBCH 
2-Methyl-1-propanol 2-Methylpropanal 


(b) Retrosynthetic analysis of the desired product shows that the carbon skeleton can be constructed hy a 
mixed aldol condensation between benzaldehyde and propanal. 


О О 
li || | 
сензснессноон = свнусн=ссн 2 СеНСН + CH;CH,CH 
СНз СН; 
The reaction scheme therefore becomes 
О О О 
|| T HO- | 
CH3 
Benzaldehyde Propanal 2-Methy!-3-phenyl-2- 


propenat 
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Reduction of the aldehyde to the corresponding primary alcohol gives the desired compound. 


О 
| LiAIH,, then H;O 
CoHSCHE-CCH or NaBH, CHOH” COHGCHSCCIBOH 
CH; CH; 
2-Methyl-3-phenyl-2- 2-Methyl-3-phenyl-2- 
propenal propen-1-ol 


The starting materials for the mixed aldol condensation (benzaldehyde and propanal) are prepared by 
oxidation of benzyl alcohol and 1-propanol, respectively. 


|| 
РСС 
СоН5СН20 H “CCE. СеН5СН 


Benzyl alcohol Benzaidehyde 


i 
CH.CH;CH;OH -opo CHyCH)CH 


i-Propanol Propanal 


(c) The cyclohexene ring in this case can be assembled by a Diels—Alder reaction. 


CH; HC 
a E 
[> + H 
D È 
CC&Hs 


“ссн; HUN 
О 


1,3-Butadiene is one of the given starting materials; the o,B-unsaturated ketone is ће mixed aldol 
condensation product of 4-methylbenzaldehyde and acetophenone. 


0 T T 
нс—{_}у—сн=снбснң, ш; nce Vots + сњ ( y 


The complete synthetic sequence is 


| 
PDC 
ње-( —onon «RE. meh yis 


4-Methylbenzyl alcohol 4-Methylbenzaldehyde 
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D 0 D 
nc = + mel Y oo n we \—cucnt—<_\ 


4-Methylbenzaldehyde Acetophenone 
H2,C=CHCH=CH 2 


CH; 


trans-A-Benzoyl-5- 
. (4-methylphenyl)cyclohexene 


c, D-Unsaturated ketones are good dienophiles in Diels—Alder reactions. 


20.53 (a) We can solve this by retrosynthetic analysis. First, put the water that was lost to form (1) back in (ii), 
tben disconnect the indicated o-carbon-(carbonyl-carbon) bond (iii). 


О 
Сн; > О з CH 
О 
сњ 


i ii lii 


CH; 


(b) We might expect to see the following product from the enolate formed at the methyl group carbon. 


СН; 
= 
CH; д 
3 
О 


20.54 To undergo а Claisen condensation, an ester must have at least two protons on the о carbon: 


CH; 


eee oe = 
2RCH;COCH;CH, + NaOCH;CH; RCH;CUCOCH;CH Na’ + 2CH;CH,OH 


R 


The equilibrium constant for condensation is unfavorable unless the B-keto ester can be deprotonated to form 
a stable anion. 
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(a) Among the esters given, ethyl pentanoate and ethyl 3-methylbutanoate undergo the Claisen 


condensation. 
|| I f 
CH3CH;CH;CH;COCH3CH; mor CH3CH;CH;CH;CCHCOCH;CH; 
CH2CH2CH; 
Ethyl pentanoate Ethyl 3-oxo-2-propylheptanoate 
| 1. NaOCH;CH; ип 
(CH3;CHCH;COCH;CHs 2HO 7 (CESISUHCEDOUHOOCEHSCHS , 
CH(CH3); 
Ethyl 3-methylbutanoate Ethyl 2-isopropyl-5-methyl- 


3-oxohexanoate 


(b) The Claisen condensation product of ethyl 2-methylbutanoate cannot be deprotonated; the equilibrium 
constant for its formation is less than 1. 


OCH; 
i NaOCH;CH I 
CH;CH;CHCOCH;CH; dm CH;CH;CHCCCOOCH;CH; 
CH3 CH3 CH CH3 
Ethyl 2-methylbutanoate No protons on a-carbon atom; cannot 


form stabilized enolate by deprotonation 


(c) Ethyl 2,2-dimethylpropanoate has no protons on its & carbon; it cannot form the ester enolate required in 
the first step of the Claisen condensation. 
nm 
ИЕН H + - OCH;CH; 
CH3 


no reaction 


Ethyl 2,2- 
dimethylpropanoate 


20.55 (a) The Claisen condensation of ethyl phenylacetate is given by the equation 


|| |. NaQCH il || 
CeHsCH;COCH;CH; 2Ho 5o CeHCH,CCHCOCH;CH; 
Сен; 
Ethyl phenylacetate Ethyl 3-oxo-2,4-diphenylbutanoate 


(b) Saponification and decarboxylation of this B-keto ester gives dibenzyl ketone. 


| [| 1. HO-, H,0 || 
Сен:СН:ССНСОСН:СНз зо CdH4CH;CCH4C4H; 
СН; 3. heat 
Ethyl 3-охо-2,4- Dibenzyl ketone 


diphenylbutanoate 
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(c) This process illustrates the alkylation of a B-keto ester with subsequent saponification and 


decarboxylation. 
n m feo eH 0 
р $ ~, H 
CsHsCH:CCHCOCH:CH; а CgHsCHCCCOOCH;CH, Sho сен сњСснснснесн, 
CH5 3. heat СеН5 


СеН5 
1,3-Diphenyl-5-hexen-2-one 


Ethyl 3-0Х0-2,4- 
diphenylbutanoate 


(d) The enolate ion of ethyl phenylacetate attacks the carbonyl carbon of ethyl benzoate. 


i 
CsHsC-“OCH{CH; 


io it 
CeHSCCHCOCH;CH; 


CoHsCHCOCH,CH, Сењ 


Ethyl 3-oxo-2,3- 
diphenylpropanoate 


(e) Saponification and decarboxylation yield benzyl phenyl ketone. 


|| 5 i 
CeHsCCHCOCH;CH; iuo B. CgHsCCH)CoHs 


СН; 3, heat 


Ethyl 3-охо-2,3- Benzyl phenyl ketone 


diphenylpropanoate 
(f) This sequence is analogous to that of part (c). 
| 0 NaOCH;CH; а: 1. НОТ, Н2О ү | 
COSE ИСО СНО не снењве CoHSECCODCHGCHS >. Ho CIEC RCH CRTE 
CoHs Сен; 3. heat СН; 


1,2-Diphenyl-4-penten-1-one 


20.56 (a) The Dieckmann cyclization is the intramolecular version of the Claisen condensation. It employs a 


diester as starting material. 
a 
COCH,CH3 


O 
1. NaOCH,CH; 


i | 
CH3CH20C(CH2)sCOCH2CH3 зох 


Diethyl heptanedioate Ethyl (2-oxocyclohexane)- 
carboxylate 


(b) Acylation of cyclohexanone with diethyl carbonate yields the same B-keto ester formed in part (a). 


[e о € 
COCH;CH; 


О 
|| А | 
+ CH4CH;OCOCH;CH; L х =" CH; 


Ethyl (2-oxocyclohexane)- 


Diethyl carbonate 
carboxylate 


Cyclohexanone 
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(c) The two most stable enol forms are those that involve the proton on the carbon flanked by the two 
carbonyl groups. 
H H 


~ Ld 


| il T 
COCH;CH; COCH;CH; COCH;CH; 


(d) Deprotonation of the D-keto ester involves the acidic proton at the carbon flanked by the two carbonyl 
groups. 


О; po О MOM О; 


: 
C il" i 
COCH;CHs eo СОСЊСИа 


(e) The methyl group is introduced by alkylation of the B-keto ester. Saponification and decarboxylation 
complete the synthesis. 


О О 
|| CH3 
СОСН2СНз CH; 
NaOCH;CH; COOCH,CH; 1. НО“, H20 
CHs3Br 2. H,0* 
3. heat 
Ethyl (2-oxocyclohexane)- Ethyl (1-methyl-2-oxocyclohexane)- 2-Methylcyclohexanone 
carboxylate carboxylate 


(f) The enolate ion of the B-keto ester [see part (d)] undergoes Michael addition to the carbon-carbon 
double bond of acrolein. 


|| 
CH;CH;CH 


|| 
COCH;CH3 || 
ES NaOCH;CH; COOCH;CH; 
+ H,C=CHCH CCH;CH,OH " 
Ethyl (2-oxocyclohexane)- Actolein Michael adduct 
carboxylate 


This reaction has been reported іп the chemical literature and proceeds in 65-75% yield. 


20.57 The mechanism for the key step is as follows: 


TOC(CH + H—OC(CH 
E (o OC(CH3), 2 ОС(СНз)з 
H A 
О 


=a 


Q m 
OCH; 
О а ES 
:OH : gy 
О + ТОСН» О {9сн, 
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20.58 Claisen condensation of ethyl pentanoate gives a В-Кею ester: 


i NaOCH;CH, 


| 
2 СЊСЊСЊСНЊСОСЊСН; CH;CH,CH;CHCOCH;CH; 


CCH;CH;CH;CH; 
о“ 


Saponification of the ester, acidification, and decarboxylation gives 5-nonanone. 


т 1. NaOH Q 
CH3CH;5CH;CHCOCH5CH; CH3CH;CH;CH;CCHo;CHoCH;CH; 
CCH;CHSCH;C 2. ЊО" 
d "Н;СН;СН;СН; 3. heat 


20.59 The first step is the conversion of the thioester to its enolate. LDA is a strong base and removes a proton 
from ће о; carbon. 


Фе 


i % i 
е; ERE сњенус— снсн=сз—( _ 


The enolate adds to the carbonyl group of cyclohexanone, and the species formed in this step undergoes 
intramolecular displacement of thiophenoxide from thioester carbonyl. 


0, „свн; 


ui. i 
. Os ) 
+ CH;CH=CSC¢H; 


©: ^O: ISCH 
[ COR es 
4 \CH—CH, EX ^cu-cu, 


+ сен; 


20.60 (a) Ethyl acetoacetate is converted to its enolate ion with sodium ethoxide; this anion then acts as а 
nucleophile toward 1-bromopentane. 


ваша. CH;CCHCOCH;CH; 


CH;CH;CH;CH;CH; 


esae а 
CH4CCH;COCH3;CH; + CHa3CH;CH;CH;CH3Br 


Ethyl acetoacetate 1-Bromopentane Ethyl 2-acetylheptanoate 
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(b) Saponification and decarboxylation of the product in part (a) yields 2-octanone. 


It 1, НО”, H20 


CH;CH;CH;CH;CH, 3. heat 


i 
CH4CCH;CH4CH;CH;CH;CH; 


Bthyl 2-Octanone 
2-acetylheptanoate 


(c) The product derived from the reaction in part (a) can be alkylated again: 


OCH3 
il il Ш 
CH;CCHCOCH;CH; + ср ОСН» СЊСССООСЊСНа 
CH5CH5CH;CH3CHa CH3CH;CH;CH5CH5 
Ethyl Ethyl 
2-acetylheptanoate 2-acetyl-2-methylheptanoate 


(d) The dialkylated derivative of acetoacetic ester formed in part (c) can be converted to a ketone by 
saponification and decarboxylation. 


үз | 
CH;CCCOOCH;CH; Tug Be CH;CCHCH; 
CH,CH»,CH,CH,CH; 3. heat CH;CH;CH;CH5;CH; 
Ethyl 3-Methyl-2-octanone 


2-acetyl-2-methylheptanoate 


(e) The anion of ethyl acetoacetate acts as a nucleophile toward 1-bromo-3-chloropropane. Bromide is a 
better leaving group than chloride and is displaced preferentially. 


|| H H || 
CH;CCH,CCH,CH; + BrCH,CH,CH,C| -MOCHcH, CH,CCHCOCH;CH; 
CH;CH;CH;CI 
Ethyl acetoacetate 1-Bromo-3- Ethyl 
chioropropane 2-acetyl-5-chloropentanoate 


(f) Treatment of the product of part (e) with sodium ethoxide gives an enolate ion that cyclizes by 
intramolecular nucleophilic substitution of chloride. 


il di 
CH4C  COCH;CH; 


ИИ 
CH;CCHCOCH,CH, Х^ОСНСН 
CH;CH;5CH;CI 
Ethyl ion 


2-acetyl-5-chloropentanoate 1-acetylcyclobutanecarboxylate 
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(g) Cyclobutyl methyl ketone is formed by saponification and decarboxylation of the product in 


part ( f). 
O 
ии 
СНС COCH»CH; О 
1. HO, НО cp. 
2. H40* 3 


Ethyl Cyclobutyl methyl 
f-acetyicyclobutanecarboxylate ketone 


(л) Ethyl acetoacetate undergoes Michael addition to phenyl vinyl ketone in the presence of base. 


O 
|| | il ; || || 
CH,CCH,COCH,CH, + НС=СНСС Н; ОНО  CH,CCHCOCH;CH3 
CECH СНУ 
Phenyl vinyl ketone Ethyl 2-acetyl-5- 
охо-5-рћепујремапоаке 


Ethyl acetoacetate 


(i) A diketone results from saponification and decarboxylation of the Michael adduct. 
|| 11 | i 
CHCCHCOCHCH; ; o CH4CCH;CH;CH;CCéHs 
CH;CH;CCgHls 3. heat 


Ethyt 2-acetyl-5- 1-Phenyl-1,5-hexanedione 
oxo-5-phenylpentanoate 
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20.61 Diethyl malonate reacts with the reagents given in the preceding problem in a manner analogous to that of 


ethyl acetoacetate. 


(a) 
CH4(COOCH;CH3) + CH4CH;CH;CH;CH?Br 


Diethyl malonate 1-Bromopentane 


| [ 
LHO.HO, — CHICH;CH;CH;CH;CH;COH 


(P) CH,CH;CH;CH;CH;CH(COOCH;CHsp Уно: 


3. heat 
Diethyl 1, 1-hexanedicarboxylate Heptanoic acid 


NeOCH;CH, — CH4CH;CH;CH;CH;CH(COOCH;CH3); 


Diethyl 1,1-hexanedicarboxylate 


(c) CH4CH;CH;CH;CH;CH(COOCH;CH3); OCC CH;CH;CH;CH;CH;C(COOCH;CH;); 
CH; 


Diethyl 2.2-heptanedicarboxylate 


Diethyt 1,1-hexanedicarboxylate 
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: j 
(D CH;CH;CH;CH;CH;C(COOCH;CH;); T TP D CH;CH;CH;CH;CH,CHCOH 
р СН; 3. heat CH; 
Diethyl 2,2-heptanedicarboxylate 2-Methylheptanoic acid 
(е) CHXCOOCH;CH4, + BrCH,CH,CH,ch ““©©Ш©%з, CicH,CH,CH,CH(COOCH,CH;), 


Diethyl malonate 1-Bromo-3-chloropropane Diethyl 4-chloro-1, F-butanedicarboxylate 


li 
COCH;CH 
(Р) CICH,CH,CH,CH(COOCH,CH,, ©©©, CX 2СНз 
COCH;CH; 


Diethyl 4-chloro-1,Í-butanedicarboxylate 


Diethyl 
cyclobutane-1, i -dicarboxylate 

О 

|| O 

(g) COCH2CH3 но, но ай 

COCH;CH, 2. ЊО" 

H Б 3. heat 

O 
Dietbyl Cyclobutanecarboxylic 

cyclobutane- 1, 1-dicarboxylate acid 


hs is NaOCH;CH; || 
(A) CH2(COOCH2CH3)2 + СеНССН=СН "CH;CH;0H ^ C;H5CCH5CH;CH(COOCH43CH3y 
Diethyl malonate Phenyl vinyl ketone Diethyl 4-oxo-4-phenylbutane- 
1,1-dicarboxylate 
О 
| i 1. НО“, ЊО | | 
@ СеН:ССН:СН:СН(СООСН:СНз) зоў СеН;ССН,СН›СН,СОН 
3. heat 
Diethyl 4-oxo-4-phenylbutane- 5-Oxo-5-phenylpentanoic acid 


1,1-dicarboxylate 


20.62 (a) Both ester functions in this molecule are В to a ketone carbonyl. Hydrolysis is followed by 


decarboxylation. 
COOCH;CHa 
CH4CH, CH;CH; 
О MIU ПО О 
СООСЊСНз 
Diethyl 3-Ethylcyclopentanone 


3-ethylcyclopentanone-2,5-dicarboxylate (C4H450) 
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(b) Examine each carbon that is œ to an ester function to see if it can lead to a five-, six-, ОГ 


seven-membered cyclic B-keto ester by a Dieckmann cyclization. 


о 
COOCH;CH; 
BUS SCOOCH,CH, 1.  CH4CH;00C 
| Н.С 
COOCH;CHs COOCH;CH; 
Cyclization to a five-membered ring 
is possible, but B-keto ester cannot be 
deprotonated to give a stable anion. 
COOCH;CH; 
AL :COOCH;CH; 
COOCH;CH; 
Cyclization is not likely; resulting ring is 
four-membered and highly strained. 
COOCH;CH 
COOCH;CH; О кез 
~ COOCH)CH; 
COOCH;CH; HC 
COOCH;CH4 


Cyclization gives a five-membered ring; 
В-Кего ester is deprotonated under 
reaction conditions; this is the 
observed product (Ci5H 13505). 
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(c) Both ester functions undergo hydrolysis in acid, but decarboxylation occurs only at the carboxyl group 


that is B to the ketone carbonyl. 


COOCH;CH; COH 
O H30* о heat О 
HC СООСЊСН Н.С сон НС 
Diethyl 2-methylcyclopentanone- 2-Methylcyclopentanone-3- 
3,5-dicarboxylate carboxylic acid (СУН 003) 


(d) A Dieckmann cyclization occurs, giving a five-membered ring fused to the original tbree-membered 


ring. 


H 
1 JCH2COOCH;CHs 


T 1. NaOCH;CH; 
1 2. H0* 
Fy CHICOOCH;CH; 


Е 
COOCH?2CH3 

Dicthyl cís-1.2- Ethyl bieyclo[3.1.0]- 
cyclopropanediacetate hexan-3-one-2-carboxylate 


(CoH 203, 79%) 
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(e) Saponification and decarboxylation convert the B-keto ester to a ketone. 


H 
1. НО", H;O A 
2. H30* <= 
H 3. heat H 
COOCH;CH; 
Ethyl bicyclo[3.1.0]-hexan-3- Bicyclo[3.1.0]hexan-3-one 
one-2-carboxylate (CgHgO, 43%) 


20.63 The heart of the preparation of capsaicin is a malonic ester synthesis. The first step is bromination of the 
primary alcohol by phosphorous tribromide. The resulting primary alkyl bromide is used to alkylate the 
sodium salt of diethyl malonate. A substituted malonic acid derivative is obtained following basic hydrolysis 
of the ester groups. 


О 
i 
ху. PBr; R 1. NaCH(CO,CH2CH3), N 
OH Вг 2. КОН, H20, heat 
3. О" 


CsHsBr СН: Од 
Malonic acid derivatives undergo decarboxylation on heating. 
О 


О 
| | 
we COH heat we COH 
preme ROS bind ds 
| COH 


> 
CgHigO2 
Formation of the amide completes the synthesis of capsaicin. 


О 
|] 


О 
| 
Бов Зось | bolo 


CH30 


HO CHjNH; 
OCH; 


О 
| 
P add dc OH 


Capsaicin (C;gH?;NO3) 


20.64 (a) First write out the structure of 4-phenyl-2-butanone and identify the synthon that is derived from ethyl 
acetoacetate, 


О 
|| - | 
Cels CH? -СЊССН; > Сєн;СнНХ + :CH;CCHs 
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Therefore, carry out the acetoacetic ester synthesis using a benzyl halide as the alkylating agent. 


HBr 
CcH3CH;OH CorPBn 7 C;H5CH;Br 
Benzyl alcohol Benzyl bromide 
|| | || || ? 
5 NaOCH;CH 1. HO”, H20 
CH4CCH;COCH;CH; + CsH;CH2Br = CH;CCHCOCH,CH; sar CH4CCH;CH;C4H; 
CH;C&Hs 3. heat 
Ethyl acetoacetate Benzyl bromide Ethyl 2-benzyl-3- 4-Phenyt-2-butanone 
d b 
oxobutanoate 


(b) Identify tbe synthon in 3-phenylpropanoic acid that is derived from malonic ester by disconnecting the 
molecule at its &-carbon atom. 


О 
i РРА 
Сена Сњ-СНСОН [> CgH,CH;X + :CH;COH 


Herc, as in patt (a), a benzyl halide is the required alkylating agent. 


СИХСООСЊСН ај + CeH,CH;Br М — C4H.CH;CH(COOCH;CH3); sho CH;CH»CH,COOH 
3. heat 


Diethyl malonate Benzyl bromide Diethyl benzylmalonate 3-Phenylpropanoic acid 


(c) In this synthesis, the desired 1,3-diol function can be derived by reduction of a malonic ester derivative. 
First, propene must be converted to an allyl halide for use as an alkylating agent. 


H3C-CHCH;CH(CH;OH); ES H,C=CHCH)X + :CH(COOCH;CH3) 


Ch 


H5C—CHCH3 heat 


Propene Aliyi chloride 


CH(COOCH,CH;)) + H,C—CHCH,c| 0С 01, H C=CHCHCH(COOCH;CH;) 


ethanol 


Diethyl matonate Апу! chloride Diethyl 2-allylmalonate 


1 НАНА 
2. ЊО 


H;C—CHCH;CH(CH;OH); 


2-Allyl-f,3-propanediol 


(d) The desired primary alcohol may be prepared by reduction of the corresponding carboxylic acid, which 
in turn is available from the malonic ester synthesis using allyl chloride, including saponification and 
decarboxylation of the diester [prepared in part (c)]. 


H,C=CHCH,CH)CH,OH [> H;C-CHCH;CH;CO;H = H4C-CHCH4CH(CO;CH;CH34); 


4-Penten-t-ol 
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The correct sequence of reactions is 


H;C—CHCH,CH(COOCH;CHy, + Lo H;C—CHCH;CH;COOH знань Н›С=СНСН›СН»СН»ОН 
3. heat 
Diethyl 2-allylmalonate i 4-Pentenoic acid 4-Penten-1-ol 


[prepared as in part (c)] 
(e) The desired product is an alcohol. It can be prepared by reduction of a ketone, which in turn can be 
prepared by the acetoacetic ester synthesis. 
163 | il 
H;C—CHCH;CH;CHCH; = H,C=CHCH,CH,CCH, = HjC—CHCH;X + :CH,CCH 


Therefore 
П Й q f 0 
CH;CCH,COCH,CH; + H,C—CHCH;c| МНН CH CCHCOCH;CH; 290: 90, CH,CCH,CH;CH=CH, 
ethanol 2. ЊО 
= 3. heat 
Ethyl acetoacetate Allyl chloride CHyCH= CH, Ра 
NaBHy 
CHOH 


ве НС H;CH;CH— CH; 
OH 


5-Hexen-2-ol 


(7) Cyclopropanecarboxylic acid may be prepared by a malonic ester synthesis, as retrosynthetic analysis 
shows. 


CO,CH2CH3 CH;X 
[> сон = [X = lg * CHa(CO.CH:CHs)2 


СОСЊСНз 
"The desired reaction sequence is 


COOCH;CH; 


NaOCH;CH 1.HO,H | 
снхсоосн;СНу; + BrCH;CH;Br “НН. [ы THOMO, COH 
ethanol 2, H30 
| COOCH?CH; з heat 
Dimethyl malonate 1,2-Dibromoethane Cyclopropanecarboxylic 
acid 


(g) Treatment of the diester formed in part (f) with ammonia gives a diamide. 


|| 0 
COCH;CH3 CNH; 
>< cem ES 
oe H3 TAH 
О 
Diethyl cyclopropane- Cyclopropane- 
1,1-dicarboxylate 1,1-dicarboxamide 


[prepared as in part (f)] 
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(ћу We need to extend the carbon chain of the starting material by four carbons. One way to accomplish this 
is by way of a malonic ester synthesis at each end of the chain. 


i it | 
HOC(CH)COH 5: xm HOCHCHj&CH,OH 087+ ВЕСНАСНОСНоВг 
Octanedioic acid },8-Dibromooctane 

2CHXCOOCH;CHa, + BrCH)sBr “ОС. (CH CH,OOC)yCH(CH2)sCH(COOCH2CH,)2 

Diethyl malonate 1,8-Dibromooctane 
1. НО, НО 
2. н;0* 
3. heat 
i i 
HOCCH2(CH,)sCH»COH 


Dodecanedioic acid 


20.65 The problem states that diphenadione is prepared from 1,1-dipbenylacetone and dimethyl 
1,2-benzenedicarboxylate. Therefore, disconnect the molecule in a way that reveals the two reactants. 


О 
о cx о 
CCH(C,Hs)2 [> Cx and CH4CCH(CeH3) 
i 
О 


О 


О 


Diphenadione 


By treating dimethyl 1,2-benzenedicarboxylate and 1,1-diphenylacetone with base, two successive acylations 
of a ketone enolate occur; the first is intermolecular, the second intramolecular. 


D 7 9 
СОСН» о ССН»ССН(С&Н;)» 
NaOCH 
Cr + CHICCH(CgHs pano" CX 
COCH; TOM 
О О 
Dimethyl 1,2- 1,1-Diphenylacetone p-Diketone; not isolated 
benzenedicarbox ylate 
1. МаОСНз 
2. H,0+ 
O 
| 
CCH(C6Hs5) 
О 


Diphenadione 
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20.66 Styrene oxide will be attacked by the anion of diethyl malonate at its less hindered ring position. 


СН; 
СН; y ^ CH(COOCH;CH3); CeHSCH-CH; 0 
Z == есь Ө COOCH;CH; 
> | 
O^ COCH;CH; О 
і. HO”, HO 
2. НО" 
3. heat 
C6H5 
О 
О 


The product is 4-phenylbutanolide. It has been prepared in 7296 yield by this procedure. 


20.67 The first task is to convert acetic acid to ethyl chloroacetate. 


О 
H | H || 
сисон — © асњсон S.  CICH,COCH,CH, 
Acetic acid Chloroacetic Ethyl chloroacetate 
acid 


Chlorination must precede esterification, because the Hell-Volhard—Zelinsky reaction requires a carboxylic 
acid, not an ester, as the starting material. The remaining step is a nucleophilic substitution. 
О 


| || 
CICH;COCH;CH, 3С. N=CCH,COCH,CH; 


Ethyl chloroacetate Ethyl cyanoacetate 


20.68 The compound given in the problem contains three functionalities that can undergo acid-catalyzed 
hydrolysis: an acetal and two equivalent ester groups. Hydrolysis yields 3-oxo-1,1-cyclobutanedicarboxylic 
acid and 2 moles each of methanol and 2-propanol. The hydrolysis product is a malonic acid derivative that 
decarboxylates on heating. The final product of the reaction is 3-oxocyclobutanecarboxylic acid (CsH,03). 


О О 

|| || OH 
о HCl, Н;О ed ond pan ЗЕН if ee 

—= > + 
CH4O COCH(CHj, heat COH : == 
|| 
Diisopropyl 3,3-dimethoxycyclobutane- 3-Oxo- ft, 1-cyclobutanedicarboxylic Methanol 2-Propanol 
1,1-dicarboxylate acid 


| heat 


3-Oxocyclobutanecarboxylic Carbon 
acid dioxide 
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20.69 (a) 2-Methylpropanal has the greater enol content. 


| ju 


2-Methylpropanal Enol form 


Although the enol content of 2-methylpropanal is quite small, the compound is nevertheless capable of 
enolization, whereas the other compound, 2,2-dimethylpropanal, cannot enolize—it has по © hydrogens. 


CH 
| 5 2 
CHCC, 
cH, H 


(Enolization is impossible.) 


(b) Benzophenone has no о; hydrogens; it cannot form an enol. 


(Enolization is impossible.) 


Dibenzyl ketone enolizes slightly to form a small amount of enol. 


11 ym 
СБНСЊССЊС Ну ——— СеН5СНЕССН.С6 Ну 
Dibenzy! ketone Enol form 


(c) Here, we are comparing a simple ketone, dibenzyl ketone, with a B-diketone. The D-diketone enolizes to 
a much greater extent than the simple ketone because its enol form is stahilized by conjugation of the 
double bond with the remaining carbonyl group and by intramolecular hydrogen bonding. 


HS 


ll | | 
СеН5ССНСС;Ну === СС паре sels 


1,3-Diphenyl- | 3- Епо! form 
propanedione 


(d) The enol content of cyclohexanone is quite small, whereas the enol form of 2,4-cyclohexadienone is the 
aromatic compound phenol, and therefore enolization is essentially complete. 


( у= Е 


Keto forin Enol form (aromatic; 
much more stable) 


(e) A small amount of enol is in equilibrium with cyclopentanone. 


Cyclopentanone Enol form 
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Cyclopentadienone does not form a stable enol. Enolization would lead to a highly strained allene-type 


compound. 


H 


(Not stable; 
highly strained) 
(f) The B-diketone is more extensively enolized. 
О OH 
О О 
1,3-Cyclohexanedione Enol form (double bond 


conjugated with carbonyl group) 


The double bond of the enol form of 1,4-cyclohexanedione is not conjugated with the carbonyl group. Its 
enol content is expected to be similar to that of cyclohexanone. 


О OH 
О О 
1,3-Cyclohexanedione Enol form (not particularly stable; 
double bond and carbonyl group 
not coujugated) 


20.70 One way to do this problem is to work backward. The molecular formula of the final product is C&H4904. 
which differs from compound C (C7Hj Об) by one carbon and two oxygens (СО). Thus, the conversion of 
compound C to the final product is a decarboxylation. 


heat 


Compound С (C;H490g) CH3CH(CH2CO2H)2 + СО» 


The most likely structure for compound C is therefore 


CH3CHCH;CO)H 
CH 
"MEN 
HO;  CO;H 


Inasmuch as compound C is formed from diethyl malonate, and the steps leading to C are the customary ones 
used to convert ethyl esters to carboxylic acids, compound B must be the triethyl ester of C. 
CH3CHCH;CO;CHCH; 
Au 
CH3CH,0,C | CO;CH;CHs 
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The structure of compound B corresponds to that formed by conjugate addition (Michael addition) of diethyl 
malonate to an o B-unsaturated ester. This gives for the overall sequence 


T CH3CHCH;CO;CH;CH; 
CH,CH—CHCOCH;CH, + HyC(CO,CH2CH;), МОСЊСНЊ, | 
ethanol XH 
CH3CH202C | CO;CH;CH; 
Compound A Compound B 


1. NaOH, Н2О 
2, H30* 
3, heat 


CHa4CHCH;CO,H heat CH4CHCH;CO;H 


CH3CO;H „CH 
HOC "COH 


Compound C 


20.71 The carbon atom formed by two carbonyl groups is the one involved in the enolization of terreic acid. 


O О О 
О OH О 
О О and О 
CH; 
bs CH; CH; 
О О OH 
Terreic acid Enol A Enol B 


Of these two structures, enol A, with its double bond conjugated to two carbonyl groups, is more stahle than 
enol B, in which the douhle bond is conjugated to only one carbonyl. 


20.72 (a) Recall that aldehydes and ketones are in equilibrium with their hydrates in aqueous solution (text 
Section 17.6). Thus, the principal substance present when (CgHs)2CHCH=O is dissolved in aqueous 
acid is (CCH5))CHCH(OH), (81%). 


(b) The problem states that the major species present in aqueous hase is not (С6Н5):СНСН —O, its enol, or 
its hydrate. The most reasonable species is the enolate ion: 


-H+ 


(CsHs)2CHCH=0 (сен сн:20: (СА с=сн—0: 
20.73 At first glance this transformation seems to be an internal oxidation—reduction reaction. An aldehyde function 


is reduced to a primary alcohol, and a secondary alcohol is oxidized to a ketone. 


O 
| HO- I 
CeHsCHCH но CHsCCH,OH 
OH 
Compound A Compound B 


Once one realizes that enolization can occur, however, a simpler explanation, involving only proton-transfer 
reactions, emerges. 
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HO-, H;O 


| 
CsHsÇHCH — Саш СНОН 
OH OH 
Compound A Enol form of compound A 


The enol form of compound A is an enediol; it is at the same time the enol form of compound В. The enediol 
can revert to compound À or to compound B. 


il 
CsHsCCH,OH 


Compound B 
CoHsC=CHOH РЕ 
ОН 
CeHsCHCH 
OH 
Compound A 


At equilibrium, compound B predominates because it is more stable than A. A ketone carbony] is more 
stabilized than an aldehyde, and the carbony! in B is conjugated with the benzene ring. 


20.74 (a) Both products are chiral. 


(b) The first product, with two chirality centers on the cyclohexane ring, can exist as cis and trans 
diastereomers. Each diastereomer can exist as a pair of enantiomers. 


О 


СС у SCH3 НС, yw CH2C6Hs 
==——— enantiomers ———- 


Cis isomer Tees "di Cis isomer TS 


diastereomers diastereomers diastereomers 
О m d EM О wae 
C6H5CH3 “СНз H3C,,, CH» CeHs 


-— — — enantiomers ———~ 


Trans isomer Trans isomer 


The second compound has a single chirality center. It can exist as a pair of enantiomers. 


о 
CH; 


"a ч — — i — 
"CHCH; enantiomers 


(c) Ifthe reactant is a racemic mixture, neither product can be optically active. 


(d) If the reactant is a nonracemic mixture, the first product will be optically active. The configuration at the 
cyclohexane carbon that is substituted with the methyl group will be the same in the product as it was in 
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the reactant. The other chirality center will likely be formed with both configurations, to give two 
products, but neither one will be racemic. 


The second product cannot be obtained optically active, even if the reactant is. The reason is that this 
product is formed via an enolate intermediate that is achiral. 


О :0:. Lit 
CH; CH; 
LDA 
Chiral Achiral 


20.75 (a) Both carbonyl groups of diethyl malonate are equivalent, and so enolization can occur in either direction. 


07 О O О 
| li — || || 


C C C „С 
CH4CH;O^ СН” ^OCH;CH; CH4CH)0  ^CH; ~OCH2CH, 


Diethyl malonate 


C „С 
CH;CH,0~ ^CH^ "^OCH;CH; 


(b) Ethyl acetoacetate can give three constitutionally isomeric enols: 


| 0 о o f | 
dec. uu nd „©з SN 
H4C^ “сну ^OCH;CH; CH,;CCH,COCH,CH,; === НС” ^CH^ ^OCH;CH, 


Least stable enol; double bond not Ethyl acetoacetate Enol stable but lacking ester 
conjugated with carbonyl group resonance 


C 
НС“ УСН” ^OCH;CH, 


Most stable enol; double bond 
conjugated with carbonyl group; 
ester carbonyl stabilized by 
resonance 
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(c) Bromine reacts with diethyl malonate and ethyl acetoacetate by way of the corresponding enols: 


H - 


о о 
c c || || 
CHX«COOCH;CHaj ==  CH4CH;0/ ^CH^ "OCH;CH, Br CH;CH;OCCHCOCH;CHs 
Br 
Diethyl malonate Diethyl bromomalonate 
H 
T о 
il || С С и dl 
CH;CCH,COCH,CH, == НС” "CH^ ^OCH4CH, Во CH;CCHCOCH;CH; 
Br 
Ethyl acetoacetate Ethyl a-bromoacetoacetate 


20.76 (a) Recall that Grignard reagents are destroyed by reaction with proton donors. Ethyl acetoacetate is а 
stronger acid than water; it transfers a proton to a Grignard reagent. 


Yo Ñ il 
CH3CCH;COCH;CH, + СН:МрІ CH, + CH4CCHCOCH;CH; 


Mgl 
Ethyl acetoacetate Methylmagnesium Methane Iodomagnesium salt of 
iodide ethyl acetoacetate 


(b) Adding D4O and DCI to the reaction mixture leads to D* transfer to the a-carbon atom of ethyl 


acetoacetate. 
| | Da | | 
CH4CCHCOCH;CH, + D20 CHCCHCOCH;CH; 
Mel D 
Iodomagnesium salt Deuterium Ethyl 
of ethyl acetoacetate oxide u-deuterioacetoacetate 


20.77 (a) On treatment with base, ethyl acetoacetate is converted to its enolate, which reacts as a nucleophile 
toward 1-bromobutane. 


О 
li || | || 
CH,CCH;COCH;CH, + CH;CH;CH;CH;Br “CSR CH;CCHCOCH;CH; 
CH;CH;CH;CH3 
Ethyl acetoacetate ]-Bromobutane Ethyl 2-acetylhexanoate 


(b) Alkylation of ethyl acetoacetate, followed by saponification and decarboxylation, gives a ketone. These 
steps constitute the acetoacetic ester synthesis. 


Wil 1. NaOH, HO 
CACHE GCI Cs зңњо 


CHCH CHCH} 3. heat 


i 
CH3CCH;CH;CH;CH;CHs 


Ethyl 2-acetylhexanoate 2-Heptanone 
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(c) The enolate of acetophenone attacks the carbonyl group of diethyl carbonate. 


О 


| || | 
C4H,CCH, + CH;CH,OCOCH,CH; с 


iii 
CeH;CCH;COCH;CHs 


2. H30* 
Acetophenone Diethyl carbonate 3-Oxo-3-phenylpropanoate 
(d) Diethyl oxalate acts as an acylating agent toward the enolate of acetone. 
i mm |. NaOCH,CH TANE 
CH;CCH; + CH3CH;OCCOCH;CHs ae E CH34CCH;CCOCH;CH; 
Acetone Diethyl oxalate Ethy! 2,4-dioxopentanoate 


(e) The first stage of the malonic ester synthesis is the alkylation of diethyl malonate with an alkyl halide. 


a H 
CHXCOOCH;CHj, + BrCH.CHCH;CH; MORD CH;CH;CHCH;CH(COOCH;CH3); 
CH; CH; 
Diethyl malonate ]-Bromo-2-methylbutane Diethyl 3-methylpentane-1,1 -dicarboxylate 


(f) Alkylation of diethyl malonate is followed by saponification and decarboxylation to give a carboxylic 
acid. 


1. NaOH, H20 


n 
CH,CH;CHCH;CH(COOCH;CH3) ЭИ CH,CHCHCH;CH;COH 
СН; 3, heat CH; 
Diethyl 3-methylpentane- 1, 1 -dicarbox утаје 4-Methythexanoic acid 


(2) The anion of diethyl malonate undergoes Michael addition to 6-methyl-2-cyclohexenone. 


H3C HC 
NaOCH;CH; 
CH3(COOCH;CH3)» + eh Т 
CH(COOCH5CH4); 
Diethyl malonate 6-Methyl-2- Diethyl 2-(4-methyl-3-oxocyclohexyl)malonate 
cyclohexenone 


(h) Acid hydrolysis converts the diester in part (g) to а malonic acid derivative, which then undergoes 


decarboxylation. 
О О 
H50, На 
heat 
CH(COOCH5;CH3) CH;COOH 


Diethyl 2-(4-тећу!-3-охосусјоћеху ута!опасе (4-Methyl-3-oxocyclohexyl)acetic acid 
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(i) Lithium diisopropylamide (LDA) is used to convert esters quantitatively to their enolate ions. In this 
reaction, the enolate of tert-butyl acetate adds to benzaldehyde. 


г О 
|| 
i ч сан T 
CH;COC(CH;); PA н,с=с Sho” CoHlsCHCH,COC(CH3), 
OC(CH3)s бн 
tert-Butyl acetate Lithium enolate of tert-Butyl 3-hydroxy-3- 
tert-butyl acetate phenylpropanoate 


20.78 (a) Chlorination of 3-phenylpropanal under conditions of acid catalysis occurs via the enol form and yields 
the o-chloro derivative. 


|| icai || 
CdLCH,CH,CH + ср 946294. свнуснуснсн + HCI 


Cl 
3-Phenylpropanal 2-Chloro-3- 
phenylpropanai 
(b) Aldehydes undergo aldol addition on treatment with base. 
il Шс 
NaOH 
2C6HsCHCHCH ioe CcHsCH;CH;CHCHCH;CoHs 
OH 
3-Phenylpropanal 2-Benzyl-3-hydroxy-5-phenylpentanal 


(c) Dehydration of the aldol addition product occurs when the reaction is carried out at elevated temperature. 


о HC—-O 
2CeH,CH;CH,CH о па ^ CeHsCH;CH;CH—CCH;Cdlls 


3-Phenylpropanal 2-Benzyl-5-phenyl-2-pentenal 


(d) Lithium aluminum hydride reduces the aldehyde function to the corresponding primary alcohol. 


НС=0 CH;0H 
CeHSCH,CH;CH-CCH;CgHs yup “= — CeHsCH;CH;CH-CCH;CéH; 
2-Benzyl-5-phenyl-2-pentenal 2-Benzyl-5-phenyl-2-penten-1-ol 


(е) A characteristic reaction of ot B-unsaturated carbonyl compounds is their tendency to undergo conjugate 
addition on treatment with weakly basic nucieophiles. 


HC=0 HC—O 
C«HSCH;CH,CH-CCH,CgH, —“ CoHyCH CH CHCHCH, CoH 
CN 


2-Benzyl-5-phenyl-2-pentenal 2-Benzyl-3-cyano-5-phenylpentanal 
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20.79 (a) Ketones undergo & halogenation by way of their enol form. 


O О 
|| Cl II 
ССЊСНа COH CONCH; 
Cl 
Cl Cl 
1-(o-Chlorophenyl)- 2-Chloro-1-(o-chlorophenyl)- 
1-propanone | -propanone 


(b) The combination of CgH;CH,SH and NaOH yields С,Н.СН›5- (as its sodium salt), which is a weakly 
basic nucleophile and adds to o, B.-unsaturated ketones by conjugate addition. 


O O 
EGC сну ВН н x 
3 372 ман, НО 3 C(CH3) 
р 372 
SCH2C¢Hs 
2-Isopropylidene-5- 2-(1-Benzylthio-1-imethylethy}-5- 
imethylcyclohexanone methylcyclohexanone (89-90%) 


(c) Bromination occurs at the carbon atom that is о to the carbonyl group. 


О О 
С6Н5 CeHs 
Bry Br 
СН; diethyl ether CH; 
2,2-Diphenylcyclopentanone 5-Вгото-2,2- 


diphenylcyclopentanone (76%) 


(d) The aldehyde given as the starting material is called furfural and is based on a furan unit as an aromatic 
ring. Furfural cannot form an enolate. It reacts with the enolate of acetone in a manner much as 


benzaldehyde would. 
o О О О 
Би || || NaOH [SN || 9,0 (Y = li 
О СН + CH3CCH; да О онен === О CH=CHCCH; 
OH 
Furfural Acetone (Not isolated) 4-Furyl-3-buten-2-one 


(60-66%) 


(e) Lithium dialkylcuprates transfer an alkyl group to the B-carbon atom of œ,ßB-unsaturated ketones. 


CH; CH; 
. Z - [diethyl ether сена г 
Йй + LiCu(CH3)2 2m0 ` 
CH; 
HC CH; Н.С CH; 
2,4,4-Trimethyl-2- 2,3,4,4-Tetramethyleyclohexanone 


cyclohexenone 


A mixture of stereoisomers was obtained in 67% yield in this reaction. 
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(f) Two nonequivalent o-carbon atoms occur in the starting ketone. Although enolate formation is possible 
at either position, only reaction at the methylene carbon leads to an intermediate that can undergo 


dehydration. 
О О UH О 
7 CHC&H; CHCH; 
CcHsCH, HOT -H20 
Observed product 
(75% yield) 


Reaction at the other & position gives an intermediate that cannot dehydrate, 


OH 
O ЕО 
CHCH 
НОУ, CsH;CHO 


(Cannot dehydrate; 
reverts to starting materials) 


(2) B-Diketones readily undergo alkylation by primary halides at the most acidic position, on the carbon 
between the carbonyls. 


O O 
KOH 
+ н›С=СНСН›Вг CH)CH=CH) 
О O 
1,3-Cyclohexanedione Allyl bromide 2-Allyl-1,3-cyclohexanedione 
(75%) 


20.80 (a) The first step is an о halogenation of a ketone. This is customarily accomplished under conditions of 
acid catalysis. 


Br; 
H* 


11 ll 
(CH3)3CCCH3 (CH3)3CCCH2Br 
3,3-Dimethy]-2-butanone 1-Bromo-3,3-dimethyl-2-butanone (58%) 


In the second step, the carbonyl group of the o-bromo ketone is reduced to a secondary alcohol. As 
actually carried out, sodium borohydride in water was used to achieve this transformation. 


OH 
|| | 
(CH;);CCCH;Br ом (CHj)CCHCHsBr 
1-Bromo-3,3-dimethylH-2-butanone 1-Bromo-3,3-dimethyl-2-butanol (54%) 


The third step is conversion of a vicinal bromohydrin to an epoxide in aqueous base. 


OH О 


| KOH А 
(CH3CCHCHBr mo ” (CH3)sCC—CHa 
H 


1-Bromo-3,3-dimethyl-2-butanol 2-tert-Butyloxirane (6896) 
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(b) The overall yield is the product of the yields of the individual steps. 


Yield = 100(0.58 x 0.54 x 0.68) 
= 2196 


20.81 The product is a sulfide (thioether). Retrosynthetic analysis reveals a pathway that begins with benzene and 
acetic anhydride. 


О О 
i i E 
{_У—сизсыснси, 6; Е + 1SCH;CH;CH; 


ren if 
CH,COCCH; + С C] =“ 


The desired synthesis can be accomplished with the following series of reactions: 


09 1 i 
AICI Br. 
© + CH;COCCH, = ( Nion, He {_У—сым 
Benzene Acctic anhydride Acetophenone Bromomethyl phenyl 
ketone 


The synthesis is completed by reacting bromomethyl phenyl ketone with 1-propanethiolate anion. 


a PA 8 
Set 227 li 
CH,CH;CHSH — ?H—-  CH,CH;CEbS: € \—Cen,scu,cn.cn, 


1-Propanethiol 1-Propanethiolate Phenyl! (1-thiopropyDmethyl ketone 


20.82 (a) The first conversion is the о halogenation of an aldehyde. As described in text Section 20.14, this 
particular conversion has been achieved in 80% yield simply by treatment with bromine in chloroform. 


О 
|| Un 
CH 
- BA ol. Br 
CHCh 
Cyclohexane- 1-Bromocyclohexane- 
carbaldehyde carbaldehyde 


Dehydrohalogenation of this compound can be accomplished under E2 conditions by treatment with 
base. Sodium methoxide in methanol would be appropriate, for example, although almost any alkoxide 
could be employed to dehydrohalogenate this tertiary bromide. 
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ён i 
CH 
Br NaOCH; 
legem qoem о] 
CH30H 
1-Bromocyclohexane- Cyclohexene-1- 
carbaldehyde carbaldehyde 


As the reaction was actually carried out, the bromide was heated with the weak base 
N, N-diethylaniline to effect dehydrobromination in 7146 yield. 


(b) Cleavage of vicinal diols to carbonyl compounds can be achieved by using periodic acid (HIO,) (text 
Section 15.11). 

О 
ОН il 

НЮ. СН 

^, CH 
'OH || 

trans-1,2-Cyclohexanediol 1,6-Hexanedial 


The conversion of this dialdehyde to cyclopentene-1-carbaldehyde is an intramolecular aldol 
condensation and is achieved by treatment with potassium hydroxide. 


0 т П 0 
CH CH CH CH 
HO- m OH -H,0 
na Ta 
02 


Cyclopentene-1- 
carbaldehyde 


As the reaction was actually carried out, cyclopentene-1-carbaldehyde was obtained in 58% yield from 
trans-1,2-cyclohexanediol by this method. 


(c) The first transformation requires an oxidative cleavage of a carbon-carbon double bond. Treatment with 
ozone followed by hydrolysis in the presence of zinc is indicated. 


CH; CH; 
10; , ( “Oo 9 
2. ЊО, Zn CH;CH 
CH(CH3) CH(CH3), 
4-Isopropyl-1- 3-Isopropyl-6- 
methylcyclohexene oxoheptanal 


Cyclization of the resulting keto aldehyde is an intramolecular aldol condensation. Base is required. 


O О 
CH3 CH; | | 
H i CH3C он CH34C 
H “о | HO- Y-* “О m H -H,0 
CH;CH CHCH 


CH(CH;h CH(CH3)2 CH(CH3); CH(CH3)2 
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20.83 The enol formed from menthone can revert to either menthone or isomenthone. 


CH; CH; 


H* H* 


Z “О OH : 
Н CH(CH3)2 CH(CH3) Н CH(CH3) 


Menthone Enol form Tsomenthone 


Only the stereochemistry at the o-carbon atom is affected by enolization. The other chirality center in 
menthone (the one bearing the methyl group) is not affected. 


20.84 (a) This reaction is an intramolecular alkylation of a ketone. Although alkylation of a ketone with a separate 
alkyl halide molecule is usually difficult, intramolecular alkylation reactions can be carried out 
effectively. The enolate formed by proton abstraction from tbe a-carbon atom carries out a nucleophilic 
attack on the carbon that bears the leaving group. 


О O 


CH;CH;CH;CH;B r CH;CH;CH;CH5;Br 
KOC(CH3}4 


. (b) The starting material, known as citral, is converted to the two products by a reversal of an aldol 
condensation. The first step is conjugate addition of hydroxide. 


сњ Oy CH, О” 
(С C— CHCH;CH;C-CH'-CH (CH3),C=CHCH,CH,C— CH=CH 
d OH 
“OH 
H0 
CH; 


| i 
(CH))C=CHCH,CH,C—CH,CH 
Е 
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The product of this conjugate addition is a B-hydroxy aldehyde. It undergoes base-catalyzed cleavage to 
the observed products. 


CH, O UH H3 Оу 
2 i но. IX 
(CH);C-CHCH;CH)C-CH,CH == (Снус= -CHCH CH сих CH 
OH о? 
o` 
|| н.о i 
CH4CH H,C-CH + (CH),C-CHCH;CH;CCH; 


(c) The product is formed by an intramolecular aldol condensation. 


7 0 (0 1 CH; 
HCCH,CH;CHCCH, + HO- HOCH;CH;CHCCH, + H0 CT 


НС _ 
CH; CH3 C Г CH, О 


(d) In this problem, stereochemical isomerization involving a proton attached to the o-carbon atom of a 
ketone takes place. Enolization of the ketone yields an intermediate in which the stereochemical integrity 
of the о carbon is lost. Reversion to ketone eventually leads to the formation of the more stable 
stereoisomer at equilibrium. 


H CH, H CH н CH 
О 
Less stable ketone; Enol More stable ketone; 
starting material preferred at equilibriun 


The rate of enolization is increased by heating or by base catalysis. The cis ring fusion in the product is 
more stahle than the trans because there are not enough atoms in the six-membered ring to span trans-1,2 
positions in the four-membered ring without excessive strain. 
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20.85 (a) The nucleophile is the anion of diethyl malonate. 


o -q 
CH;CH,OC—CH-COCH,CH; 


(b) The reactants are diethyl malonate and cyclohexanone, plus a base for the catalyst. Secondary amines 
are often used as catalysts in Knoevenagel reactions. 


CO;CH5CH; О FOE CIS 
(У p CY + HQ +  RNH 
CO;CH4CH; CO;CH4CH, 


(c) The first step is conjugate addition of cyanide ion. The unsaturated diester is highly reactive toward 
conjugate addition because the presence of two ester groups stabilizes the anion intermediate. The cyano 
group is reduced to an amino group in the second step, but the amino group undergoes acylation with 
one of the ester groups to give the cyclic amide. Finally, hydrolysis and decarboxylation give the final 


product. 
CO,CH,CH; CO,CH,CH; 
= 1. KCN Е Н,, Pd/C 
CO,CH2CH3 C CO;CH;CH4 
E 
N 
CO;CH;CH; 
ЊО 
heat 
NH NH 


Gabapentin 
Gabapentin predominately exists as a zwitterion. 
COO" 
(X t 
NH3 
Gabapentin 
(zwitterion form) 


ANSWERS TO INTERPRETIVE PROBLEMS 
20.86 C; 20.87 D; 20.88 C; 20.89 A; 20.90 C; 20.91 A; 20.92 B 
SELF-TEST 
1. Write tbe correct structure(s) for each of the following: 


(a) The two enol forms of 2-butanone (c) The carbonyl form of the following 
enol 


(b) The most stable enolate derived from reaction но“ ~ 
of 1,3-cyclohexanedione with sodium methoxide 
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2. Give the correct structures for compounds A and B in the following reaction schemes: 


Д 1. но“ 
(a) 2CeHSCEDCH орање ^ 


I. diethyl ether 
пе 


i 
(b) CH3CH{CH=CHCCH,CH, + LiCu(CH,CH3). zo 


B 


3. Write the structures of all the possible aldol addition products that may be obtained by reaction of a mixture 
of propanal and 2-methylpropanal with base. 


i ae 
CH4CH;CH CH;CHCH 
Propanal 2-Methylpropanal 


4. Using any necessary organic or inorganic reagents, outline a synthesis of 1,3-butanediol from ethanol as the 
only source of carbons. 


5. Outline a series of reaction steps that will allow the preparation of compound B from 
1,3-cyclopentanedione, compound A. 


О О 
СЊСНа 


CIG;CH;CCHs 


О 


А B 


6. Give the structure of the product formed in each of the following reactions: 


B T2 
У 
acetic acid 


li 
(а) CH3CEI5;CH;CH;CH 


О 
i 
(b) 2CH.CH,CH,CH,CH ӘН 


О 
CH3 || 
NaOH, heat, 
(c) CH; + = ено 5 
{| 
NaSCH3 
(d) ЕЕЕ Е 
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7. Wiite out the mechanism, using curved arrows to show eleciron movement, of the following aldol addition 


reaction, 
D j 
HCH + сњењсно 00.90. 


8. Identify the two starting materials needed to make the following compound by a mixed aldol condensation. 
i 
7 MORES но + {_У—с=ссиси, 
СН; 


9. Give the structure of the reactant, reagent, or product omitted from each of the following: 


i 
(а) CH;CH,CH,COCH)CH3 ea ә 
i 2 
(b HCOCH;CH; + ? Tig uu CgHsCHCOCH;CR, 
| C 
of ^u 
[ 
COCH;CH; LHO.H)O о | | | 
(с) COCH;CH; 2. H,0* H (two isomeric products; С$Н+С1О») 
|| ^" 3, heat 
О 


Cl 


|| 
(d) снисоосњСНу; + H,C=CHCOCH,CH, МНН» 


9 
ethanol : 
Hol 1. NaOCH;CH3 
(е) CH4CCH;COCH;CH; 2. CgH<CH,Br ^ ? 
: li 
(f) Product of part (e) : C&H3CH;CH;CCH3 
|| heat 
(g) CH3CCHCHCOOH CO, + ? 


CO;H 


628 CHAPTER 20: Enols and Enolates 


10. Provide the correct structures of compounds A through E in the following reaction sequences: 


О 
| 
A | даосњусњу COCH2CH3 1. NaOCH;CH; в LHOLHO ү 
(а) 2. 0" 2. CH3CHyI 2. H30* 
3. heat 
| 1. МаОСН;СН» 1. HO", HO 
(b) CH4CHCH5COCH;CH4 зно ~ D LH C Е + CO; 
3. heat 


11. Give a series of steps that will enable preparation of each of the following compounds from the starting 
material(s) given and any other necessary reagents. 


II T 
(a) CH43CCH;CH;COH from ethyl acetoacetate 
D ћ il 
(b) CgHSCCH5CH;CH4CCH4 from CgH4CCH, and diethyl carbonate 


12. Write a stepwise mechanism for the reaction of ethyl propanoate with sodium ethoxide in ethanol. 


13. Ethyl 2-methylbutanoate does not undergo a Claisen condensation, whereas ethyl 3-methylbutanoate does. 
Provide a mechanistic explanation for this observation. 


CHAPTER 21 


Amines 


SOLUTIONS TO TEXT PROBLEMS 


21.1 (b) The amino and phenyl groups are both attached to C- I of an ethyl group. 
CPD CHOH; 
NH; 


1-Phenylethylamine, or 
]-Phenylethanamine 


(c) H5C— СНС КЊ 


Alfylamine, or 
2-Propen-1-amine 


21.2 NA N-Dimethylcycloheptylamine may also be named as a dimethyl derivative of cycloheptanamine. 


N.N-Dimethylcyctoheptanamine 
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21.3 Three substituents are attached to the nitrogen atom; the amine is tertiary. In alphabetical order, the 
substituents present on the aniline nucleus are etbyl, isopropyl, and methyl. Their positions are specified as 
N-ethyl, 4-isopropyl, and N-methyl. 


CH; 


| 
(CH3) “= CH5CH4 


N-Ethyl-4-isopropyl-N-methylaniline 


21.4 The electron-donating amino group and the electron-withdrawing nitro group are directly conjugated in 
p-nitroaniline. The planar geometry of p-nitroaniline suggests that the delocalized resonance form shown is 
a major contributor to the structure of the compound. 


бын, "NH, 
de м 
- 19. чу 39: 


21.5 The Henderson—Hasselbalch equation described in text Section 18.4 can be applied to bases such as amines, 
as well as carboxylic acids. The ratio [CH4NH,*] / (CH4NH,] is given by 


[CH,NH;'] = 19 Oka - PHD 
[CH4NH, ] 


The pK, of methylammonium ion is given in the text as 10.7. Therefore 


ICH,NH,'] (5001-5. , 
[CH,NH, ] 


07 = 5x10? 


21.6 Tetrahydroisoquinoline is an alkylamine because the nitrogen atom is attached only to sp?-hybridized 
carbons. Tetrahydroquinoline, on the other hand, is an arylamine because nitrogen is directly attached to 
the aromatic ring. Arylamines are less basic than alkylamines because the nitrogen unshared-electron pair is 
delocalized into the m system of the aromatic ring. Thus, tetrahydroisoquinoline is the stronger base. 
Recalling that the stronger base will have the weaker conjugate acid, the pK, of the conjugate acid of 


tetrahydroisoquinoline is smaller than that of tetrabydroquinoline. 


eer E 


H 
Tetrahydroisoquinoline Tetrahydroquinoline 
(an alkylamine): more basic (an arylamine): less basic 


pK, (of conjugate acid): 9.4 4.0 
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217 (b) 


(c) 


21.8 (a) 


(b) 


(c) 
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An acetyl group attached directly to nitrogen as in acetanilide delocalizes the nitrogen lone pair into the 
carbonyl group. Amides are weaker bases than amines. 


An acetyl group in a position para to an amine function is conjugated to it and delocalizes the nitrogen 
lone pair. 


CO: 
CH; 


An aqueous solution of imidazolium chloride would be acidic. With a pK, of 7, imidazolium chloride is 


a stronger acid than water (pK, — 15.7), so when dissolved in water, imidazolium chloride will produce a 
solution with a hydrogen ion concentration greater than water, in other words, with a pH less than 7 


(an acidic solution). 
An aqueous solution of imidazole would be basic. Imidazole is more basic than water; the pK, of its 


conjugate acid is 7, whereas the pK, of Н.О? (the conjugate acid of water) is —1.7. 


A solution containing equal quantities of imidazole and its conjugate acid would be neutral, with a 
pH = 7. Recall the Henderson—Hasselbalch equation from text Section 18.4: 


conjugate base] 
pH = pK, + log cos 
[conjugate acid] 


When the concentration of imidazole (the conjugate base) and imidazolium ion (the conjugate acid) are 
equal, the pH of tbe solution equals pK, because log (1) = 0. 


21.9 Nicotine contains two different nitrogen atoms. The more basic of the two is the nitrogen on the pyrrolidine 
ring and is the nitrogen that becomes protonated in the conjugate acid of nicotine. 


.. + 
a Че "ТА 
~ CH, " More basic ES Н СН; 
„М ; N | 
Less basic 55. Conjugate acid 
Nicotine 


of nicotine 


The nitrogen that becomes protonated is similar to that in a piperidine ring as mentioned in the text, and the 
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21.10 The reaction that leads to allylamine is nucleophilic substitution by ammonia on allyt chloride. 


ње=енсња + 2NH; HC-CHCHNH, +  NH,CI 


Allyl chloride Ammonia Allylamine Ammonium 
chloride 


Allyl chloride is prepared by free-radical chlorination of propene. 


H,C=CHCH; + Ch 400°C H,C=CHCH,C! + HCI 
Propene Chlorine "АНУ! chloride Hydrogen 
chloride 


21.11 (b) Isobutylamine is (CH4);CHCH4NH,. It is a primary amine of the type RCH NH; and can be prepared 
from a primary alkyl halide by the Gabriel synthesis. 


О О 
(CH35;CHCHBr + NK NCH;CH(CH34) 
O О 
Isobutyl bromide N-Potassiophthalimide N-isobutylphthalimide 


H3NNH; 
О 
(СН»)»СНСН»МН» + Te 
32 2NH2 NH 
O 
Isobutylamine Phthalhydrazide 


(c) Although tert-butylamine (CH4),CNH, is a primary amine, it cannot be prepared by the Gabriel method, 
because it would require an 5 {2 reaction on a tertiary alkyl halide in the first step. Elimination occurs 


instead. 
O O 
(СНз)СВг + NK (CH;),C=CH, + NH + KBr 
О ~ О 
tert-Butyl N-Potassiophthalimide 2-Methylpropene Phthalimide Potassium 


bromide bromide 
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(d) The preparation of 2-phenylethylamine by the Gabriel synthesis has been described in the chemical 


literature. 
О О 
CgH&CH;CHjBr + NK NCH)CH)C,Hs 
О 
2-Phenylethyl bromide N-Potassiophthalimide N-(2-Phenylethyt)phthalimide 


H3NNH; 
О 
NH 
C«H5CHoCH;NH; + m 
О 
2-Phenylethylamine Phthalhydrazide 


(e) The Gabriel synthesis leads to primary amines; N-methylbenzylamine is a secondary amine and cannot 


be prepared by this method. 
„СНз 
CH?-N, 
H 


N-Methylbenzylamine 
(two carbon substituents on 
nitrogen; a secondary amine) 


(f) Aniline cannot be prepared by the Gabriel metbod. Aryl halides do not undergo nucleophilic substitution 
under these conditions. 


О 
Вг 
CY + NK 
O 


Bromobenzene N-Potassiophthalimide 


no reaction 


21.12 For each part of this problem, keep in mind tbat aromatic amines are derived by reduction of tbe 
“corresponding aromatic nitro compound. Each synthesis should be approached from the standpoint of how 
best to prepare the necessary nitroaromatic compound. 


Ar—NH) [5 Ar—NO; EN Ar—H 


(Ar = substituted aromatic ring) 
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(5) The para isomer of isopropylaniline may be prepared by a procedure analogous to that used for its ortho 
isomer in part (a). 


CH(CH3); fees CH(CH3) 
|o (CH3SCHCI 
АСВ но = 
Benzene Isopropylbenzene o-Isopropylnitrobenzene p-lsopropytnitrobenzene 


After separating the ortho, para mixture by distillation, the nitro group of p-isopropylnitrobenzene is 
reduced to yield the desired p-isopropylaniline. 


CH(CH3)2 CH(CH3)? 


____ЊуМбог  , Ni; or 
"Т. Fe, HCl; 2. HO or Fe, НСІ; 2. НО” or 
1. Sn, HCl; 2. НО" 


p-\sopropylaniline 


NO, 


(c) The target compound is the reduction product of 1-isopropyl-2,4-dinitrobenzene. 


CH(CH3); CH(CH3); 
МО; NH; 
. Ieduce |. 
МО; 
1-Isopropyl-2,4- 4-Isopropyl-1,3- 
dinitrobenzene benzenediamine 


This reduction is carried out in the same way as reduction of an arene that contains only a single nitro 
group. In this case, hydrogenation over a nickel catalyst gave the desired product in 90% yield. 
The starting dinitro compound is prepared by nitration of isopropylbenzene. 


CH(CH3)2 |. 
НМОз, H2SO4 
аус" C 
Isopropylbenzene 1-Isopropyl-2,4- 
dinitrobenzene 


(43%) 
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(d) The conversion of p-chloronitrobenzene to p-chloroaniline was cited as an example in the text to 
illustrate reduction of aromatic nitro compounds to arylamines. p-Chloronitrobenzene is prepared by 
nitration of chlorobenzene. 


NO; 
Eo eee . HNO; |. 
С; ^ 950; 


Benzene Chtorobenzene o-Chloronitrobenzene p-Chloronitrobenzene 


The para isomer accounts for 69% of the product in this reaction (30% is ortho, 1% meta). Separation of 
p-chloronitrobenzene and its reduction completes the synthesis. 


СІ CI 


|. Fe, HCl; 2. НО“ or 
Н», catalyst; or 
1. Sn, HCl; 2. НО“ 


NO; NH; 
p-Chloronitrobenzene p-Chloroaniline 


Chlorination of nitrobenzene would not be a suitable route to the required intermediate, because it would 
produce mainly m-chloronitrobenzene. 


(e) The synthesis of m-aminoacetophenone may be carried out by the scheme shown: 


O О О 
o [ i i 
i ССН; ССН; CCH, 
сњса HNO; reduce 
АЈС H2504 
NO, NH; 
Benzene Acetophenone m-Nitroacetophenone m-Aminoacetophenone 


The acetyl group is attached to the ring by Friedel-Crafts acylation. It is a meta director, and its nitration 
gives the proper orientation of substituents. The order of the first two steps cannot be reversed, because 
Friedel-Crafts acylation of nitrobenzene is not possible (text Section 12.16). Once prepared, 
m-nitroacetophenone can be reduced to m-nitroaniline by any of a number of reagents. Indeed, all three 
reducing combinations described in the text have been employed for this transformation. 


Reducing agent Yield (%) | 
m-Nitroacetophenone H3, Pt 94 
+ Ре, НС! 84 


m-Aminoacetophenone Sn, HCl 82 
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21.13 (b) Dibenzylamine is a secondary amine and can be prepared by reductive amination of benzaldehyde with 


benzylamine. 
| Hy, Ni 
CsHsCH + СН5СНМН2 C&;H5CH;NHCH;C$Hs; 
Benzaldehyde Benzylamine Dibenzylamine 


(c) N.N-Dimethylibenzylamine is a tertiary amine. Its preparation from benzaldehyde requires 
dimethylamine, a secondary amine. 


| 
CsH;CH + (CH Nu Y 


Ce6HsCH2N(CH3)2 
Benzaldehyde Dimethylamine N,N-Dimethylbenzylamine 


(d) The preparation of N-butylpiperidine by reductive amination is described in text Section 21.10. 
An analogous procedure is used to prepare N-benzylpiperidine. 


О 
J | 
CsHsCH + © aM CHCH-N > 


N 
H 


Benzaldehyde Piperidine N-Benzylpiperidine 
21.14 (b) First identify the available B hydrogens. Elimination must involve a proton from the carbon atom 
adjacent to the one that bears the nitrogen. 
в Two equivalent methyl groups 
CH 
в ОТ 
(CH4)4CCH;- C— СНз 


+. 
N(CH3)3 
A methylene group 


It is a proton from one of the methyl groups, rather than from the more sterically hindered methylene, 
that is lost on elimination. 


CH3 CH3 
| жм, r > » | 
(CES ен :OH (CH3)3CCH,C=CH, + (СНз): 
СН 
+ 
(1,1,3,3- Tetramethylbutyl)- 2,4,4- Trimethyl-1-pentene Trimethylamine 
trimethylammonium (only alkene formed, 
hydroxide 7096 isolated yield) 
(c) The base may abstract a proton from either of two В carbons. Deprotonation of tbe B methyl carbon 
yields ethylene. 
CH; 
Ж \ HS al heat - es 
НО; H—CH; СНОМ СИСКУ сњо)“ H2C-—CH; + (CH35NCH;CH;CH;CH; 
CH; 


N-Ethyl-N,N-dimethylbutylammonium hydroxide Ethylene N,N-Dimethyibutylamine 
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Deprotonation of the В methylene carbon yields 1-butene. 


CH; 
| Ы ee 

CH;CH;N"- CH CHCH;CH; ho CH4CH;N(CH4, + HjC—CHCH;CHs 
CH; HA. 


Он 


N-Ethyl-N.N-dimethylbutylammonium hydroxide N,N-Dimethylethylamine 1-Butene 


The preferred order of proton removal in Hofmann elimination reactions is B СН, > В CH, > B CH. 
Ethylene is the major alkene formed, the observed ratio of ethylene to 1-butene being 98:2. 


21.15 (b) The pattern of substituents in 2,4-dinitroaniline suggests that they can be introduced by dinitration. 
Because nitration of aniline itself is not practical, the amino group must be protected by conversion to its 


N-acetyl derivative. 


tl || 
NH3 NHCCH; NHCCH; 
il МО» 
СН+СС1 HNO; 
or Њ504 
CH :COCCH: 
00 
МО» 
Aniline Acetanilide 2,4-Dinitroacetanilide 


Hydrolysis of the amide bond in 2,4-dinitroacetanilide furnishes the desired 2,4-dinitroaniline. 


у 
NHCCH; NH; 
NO; NO; 
H30, HOS, ог 
t. Н2О, Ht 
2. HOT 
NO; КО; 


2,4-Dinitroacetanilide 2,4-Dinitroaniline 


(c) Retrosynthetically, p-aminoacetanilide may be derived from p-nitroacetanilide. 


0 T 
сийнн—{ Sans | cuv уко, 


p-Aainoacetanilide рМикоасе аи де 
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This suggests the sequence 


00 
CH Совен | HNO 0 
un 3 T ý CH;CNH —HS0, "^ cue wo, 


Aniline Acetanilide p-Nitroacetanilide 
(separate from ortho isomer) 


1. Fe, НСІ; 2. HO” or 
1. $n, НСІ; 2. HO” or 
H;, Pt 


i 


p-Aminoacetanilide 
21.16 The principal resonance contributors of N-nitrosodimethylamine are 


HC „an ÇO: НС О: 
Му NT е 


H4C НС 


All atoms (except hydrogen) have octets of electrons in each of these structures. Other resonance contributors 
are less stabie because they do not have a full complement of electrons around each atom. 


21.17 Deamination of 1,1-dimethylpropylamine gives products that result from 1,1-dimethylpropyl cation. Because 
2,2-dimethylpropylamine gives the same products, it is likely that 1,1-dimethylpropyl cation is formed from 
2,2-dimethylpropylamine by way of its diazonium ion. A carbocation rearrangement is indicated. 


CH; CH; CH; 
CH4CCH,NH HONO CH C—CHj NEN Se. сњесњен 
а NATU ЗНН 
CH3 СНз 
2,2-DimethyIpropylamine 2,2-Dimethylpropyldiazonium 1, 1-Dimethylpropyl 
ion cation 


Once formed, 1,1-dimethylpropyl cation loses a proton to form an alkene or is captured by water to give an 


alcohol. 
св 
HW њс=ссњена + (CH3),C=CHCH; 
CHS 2-Methyl-1-butene 2-Methyl-2-butene 
CH3CCH2CH3 
1,1-Dimethylpropyl н.о 
cation 2 (CH3);CCH;CH; 
OH 


2-Methyl-2-butanol 
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21.18 Phenols may be prepared by diazotization of the corresponding aniline derivative. The problem simplifies 
itself, therefore, to the preparation of m-bromoaniline. Recognizing that arylamines are ultimately derived 
from nitroarenes, we derive the retrosynthetic sequence of intermediates: 


OH NH; 
m-Bromophenol m-Bromoaniline in-Bromonitrobenzene Nitrobenzene 


The desired reaction sequence is straightforward, using reactions discussed previously in the text. 


NO; NO» NH; 


I. NaNO;, H350, 
HNO; n Вы, 1. Fe, HCl. е Og 
Н2$04 Ее 2. NaOH ZH hat М heat 
Br Br 


21.19 The key to this problem is to recognize that the iodine substituent in m-bromoiodobenzene is derived from an 
arylamine by diazotization. 


I NH; 
Br | Br 
m-Bromoiodobenzene m-Bromoaniline 


The preparation of m-bromoaniline from benzene has heen described in Problem 21.18. AII that remains is to 
write the equation for its conversion to m-bromoiodobenzene. 


NH; I 
1. макор HCI, #20, 


2. KI 
Br Br 


m-Bromoaniline m-Bromoiodobenzene 


21.20 The final step in the preparation of ethyl m-fluorophenyl ketone is shown in the text example immediately 
preceding this problem; therefore all that is necessary is to describe the preparation of m-aminophenyl ethyl 


ketone. 
Е NH) NO; 
CCH;CHs а "CCIGCHs е E a ССН,СН; 
О О О 
Ethyl si-fluorophenyl m-Awinophenyl ethyl Ethyl zi-nitrophenyl 


ketone ketone ketone 
Recalling that arylamines are normally prepared by reduction of nitroarenes, we sce that ethyl т-пигорћепу! 
ketone is a pivotal synthetic intermediate. It is prepared by nitration of ethyl phenyl ketone, which is 
analogous to nitration of acetophenone, shown in text Section 12.16. 
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The preparation of ethyl phenyl ketone by Friedel-Crafts acylation of benzene is shown in text Section 12.7. 


NO; 
е "CCH;CH; E 
Ó 


Ethyl phenyl ketone 


('CHICHs 


Ethyl m-nitrophenyl 
ketone 


Reversing the order of introduction of the nitro and acyl groups is incorrect. It is possible to nitrate ethyl 
phenyl ketone but not possible to carry out a Friedei-Crafts acylation on nitrobenzene, owing to the strong 
deactivating influence of the nitro group. 


21.21 Direct nitration of the prescribed starting material cumene (isopropylbenzene) is not suitable, because 
isopropyl is an ortho, para-directing substituent and will give the target molecule m-nitrocumene as only a 
minor component of the nitration product. However, the conversion of 4-isopropyl-2-nitroaniline to 
m-isopropylnitrobenzene, which was used to illustrate reductive deamination of arylamines in the text, 
establishes the last step in the synthesis. 


CH(CH3); CH(CH3)2 | H(CH3)2 
ND 


m-Nitrocumene 4-Isopropyl-2- Cumene 


nitroaniline 


Our task simplifies itself to the preparation of 4-isopropyl-2-nitroaniline from cumene. The following 
procedure is a straightforward extension of the reactions and principles developed in this chapter. 


CH(CH3)2 CH(CH3); CH(CH3); CH(CH3); 
о 
| 
#80, 2. HO- 
NO; NH; NHOCH; 
Cumene p-Nitrocumene p-isopropylaniline p-Isopropylacetanilide 
CH(CH3); CH(CH3); CH(CH3); 
HNO; НО”, Н2О, or 
Н2$ 04 1. H0, Н+ 
NO; 2. НО“ МО; 
D TS NEN NH5 


p-Isopropylacetanilide 


4-Isopropyl-2-nitroacetanilide 


4-Isopropyl-2-nitroaniline 


Reductive deamination of 4-isopropyl-2-nitroaniline by diazotization in the presence of ethanol 
or hypophosphorous acid yields m-nitrocumene and completes the synthesis. 
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21.22 Chrysoidine can be prepared from the reaction of benzenediazonium ion and m-benzenediamine. 


HN HN 
( J—N 
A + = + 
PETS ci m {у + em 


Chrysoidine Benzenediazonium m-Benzenediamine 
ion 


21.23 Amines may be primary, secondary, or tertiary. The C4H,,N primary amines, compounds of the type 
C4HoNH,, and their systematic names are 


CH;CH;CH;CH;NH, (CHj;CHCHoNH, — CH;CHCH;CH; (CH3)CNH; 
NH; 
Butylamine Isobutylamine sec-Butylamine tert-Butylamine 
(1-butanamine ог (2-methyl-1-propanamine or (2-butanamine or — (2-methyl-2-propanamine or 
butan-1-amine) 2-methylpropan-1-amine) butan-2-atnine) 2-methylpropan-2-amine) 


Secondary amines have the general formula R;NH. Those of molecular formula C,H, М are 


(CH4CH3NH CH3NCH; CHCH; CH:NCH(CH3 y 
H H 
Diethylamine N-Methylprapylamine N-Methylisopropylamine 
(N-ethylethanamine) (N-methyl- i -propanamine ог (N-methyl-2-propanamine or 
N-methyipropan-}-amine) N-methylpropan-2-amine) 


There is only one tertiary amine (R4N) of molecular formnla С.Н М. 


(СНз) МСН,СНз 


N,N-Dimethylethytamine 
(N, N-dimethylethanamine) 


21.24 (a) The name 2-ethyl-1-butanamine designates a four-carbon chain terminating in an amino group 
and bearing an ethyl group at C-2. 


CH;CH;CHCHNH» 
CH3CH; 


2-Fthyl- l -butanamine 


(b) The prefix N- in N-ethyl-1-hbutanamine identifies the ethyl group as a substituent on nitrogen in 
a secondary amine. 


CH;CH;CH;CH;NCH;CH; 
H 


N-Bthyl-1-butanainine 


(c) Dibenzylamine is a secondary amine. It hears two benzyl groups on nitrogen. 
CeHsCHNCHCSHs 
H 


Dibenzylamine 
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(d) Tribenzylamine is a tertiary amine. 
(CcH5CH2);N 
Tribenzylamine 
(e) Tetraethylammonium hydroxide contains a quaternary ammonium ion. 
(CH3CH2),N HO^ 


Tetraethylammonium 
hydroxide 


(f) This compound is a secondary amine; it bears an allyl substituent on the nitrogen of cyclohexylamine. 


H 
N, 
CH;CH—CH; 


N-Allylcyclohexylamine 


(g) Piperidine is a cyclic secondary amine that contains nitrogen in a six-membered ring. 
N-Allylpiperidine is a tertiary amine. 


( NCH,CH=CH) 


N-Ailylpiperidine 


(h) The compound is the benzyl ester of 2-aminopropanoic acid. 


i 
CH3CHCOCHCoHs 
NH; 


Benzyl 2-aminopropanoate 


(i) The parent compound is cyclohexanone. The substituent (CH4),N— group is attached to C-4. 


X > 
О 
H 


4-(N, N-Dimethylamino)- 
cyclohexanone 


(j) The suffix -diamine reveals the presence of two amino groups, one at either end of a three-carbon 
chain that bears two methyl groups at C-2. 
ni 
H2NCH2CCH)NH2 
СНз 


2,2-DimethylI-1,3- 
propanediamine 
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21.25 (a) A phenyl group and an amino group are trans to each other on a three-membered ring in this compound. 


Ciel Not 


> >, 


H МН, 


trans-2-Phenylcyclopropylamine 
(tranylcypromine) 


(b) This compound is a tertiary amine, It bears a benzyl group, a methyl group, and a 2-propynyl group on 


nitrogen. 


Н; 
CgHsCH;-N 
СН.СЕСН 


N-Benzyl-N-methyl-2-propynylamine 
(pargyline) 


(c) The amino group is at C-2 of a three-carbon chain that bears a phenyl substituent at its terminus. 


CeHsCH;CHCH 
NH; 


I-Phenyl-2-propanamine 
(amphetamine) 


(d) Phenylephrine is named systematically as an ethanol derivative. 


HO 
OH 
| / 
CHCH;N, 
H 


CH; 


1-(m-Hydroxyphenyl)- 
2-(N-methylamino)ethanol 


21.26 (a) There аге five isomers of C;H3N that contain a benzene ring. 
CsHsCH2NH, | CgH4NHCH; 


Benzylamine N-Methylaniline 


СН; CH, CH; 
NH; 


NH; 
NH; 


o-Methylaniline  m-Methylaniline — p-Methylaniline 


(b) Benzylamine is the strongest base because its amine group is bonded to an sp?-hybridized carbon. 


Benzylamine is a typical alkylamine; the pK, of its conjugate acid is 9.3. All the other isomers 
are arylamines; the pK,’s of their conjugate acids are about 4. 
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(c) The formation of N-nitrosoamines on reaction with sodium nitrite and hydrochloric acid is a 
characteristic reaction of secondary amines. The only C;HN isomer in this problem that is a secondary 


amine is N-methylaniline. 


li 

NaNO, 

СеН5МНСН; не, н.о” СеН;МСН; 

N-Methylaniline N-MethyI-N- 
nitrosoaniline 


(d) Ring nitrosation is a characteristic reaction of tertiary arylamines. 


NaNO? 
€ у нано” ov Sw, 


"Tertiary arylamine p-Nitroso-N, N-dialkylaniline 


None of the C,H N isomers in this problem is a tertiary amine; hence, none will undergo ring 
nitrosation. 


21.27 (a) Basicity decreases in proceeding across a row in the periodic table. The increased nuclear charge as 
one progresses from carbon to nitrogen to oxygen to fluorine causes the electrons to be bound more 
strongly to tbe atom and thus less readily shared. 


нс: > Нм: > HOP > ED 


Strongest Weakest 
base base 
рКа 60 36 16 34 
of conjugate 
acid 


(b) The strongest base in this group is amide ion, H5N , and the weakest base is water, Н.О. Ammonia is 
a weaker base than bydroxide ion; the equilibrium lies to the left. 


‘NH; + О -== NH, + ОН- 


Weaker Weaker Stronger Stronger 
base acid acid base 
The correct order is 


HN: > ног > INH; > н.о: 


Strongest Weakest 
base base 


CHAPTER 21: Amines 645 


(c) These anions can be ranked according to their basicity by considering the respective acidities of their 
conjugate acids. 


Base Conjugate acid pK, of conjugate acid 
Нм NH, 36 
HO^ H,O 16 
GCENI HCzN: 9,1 
о ноќ 14 
О о" 


Тће order of basicities is the opposite of the order of acidities of their conjugate acids. 
НМ” > НО" > Сем; > № 


Strongest Weakest 
base base 


(d) Acarbonyl group attached to nitrogen stabilizes its negative charge. The strongest base is the anion that has 
no carbonyl groups on nitrogen; the weakest base is phthalimide anion, which has two carbonyl groups. 


О О 
М, > :М > INS 
О 
Strongest base Weakest base 


21.28 In evaluating base strengths in each part of this problem, be sure to recall that the strongest base has tbe 
weakest conjugate acid (largest pK; ). 


(a) An alkyl substituent on nitrogen is electron-releasing and base-strengthening; thus, methylamine is à 
stronger base than ammonia. An aryl substituent is electron-withdrawing and base-weakening, and so 
aniline is a weaker base than ammonia. 


СНМН, > МН; > C6H;NH3 


Methylamine, Ammonia: Aniline, 
strongest base: weakest base: 
pK; of conjugate acid 11.6 9,3 4.6 


(b) An acetyl group is an electron-withdrawing and base-weakening substituent, especially when bonded 
directly to nitrogen. Amides are weaker bases than amines; thus, acetanilide is a weaker base than 
– ап пе. Alkyl ргоџрѕ аге electron-releasing; N-methylaniline.is.a slightly stronger Базе. ап aniline. 


Q 
H 
CsHsNHCH3 > СН5ҸНә > CgH4NHCCH; 


N-methylaniline, Aniline: Acetanilide, 
strongest base: weakest base: 


рКа of conjugate acid 4.9 4.6 -1.0 
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(c) Chlorine substituents are slightly electron-withdrawing, and methyl groups are slightly electron- 
releasing. 2,4-Dimethylaniline is therefore a stronger base than 2,4-dichloroaniline. Nitro groups are 
strongly electron-withdrawing, their base-weakening effect being especially pronounced when a nitro 
group is ortho or para to an amino group because the two groups are then directly conjugated. 


NH; NH, NH; 
CH; Cl NO; 
> > 
CH; СІ NO; 


2,4-Dimethylaniline, 2,4-Dichloroaniline: 2,4-Dinitroaniline, 
strongest base: weakest base: 
pK of conjugate acid 4.9 2.0 -4.5 


(d) Nitro groups are more electron-withdrawing than chlorine, and the base-weakening effect of a nitro 
substituent is greater when it is ortho or para to an amino group than when it is meta to it. 


NH; NH, NH; 
NO, 
> > 
CI NO; 
а C Cl 


3,4-Dichloroaniline, 4-Chloro-3-nitroaniline: 4-Chloro-2-nitroaniline, 
strongest base: weakest base: 
pK, of conjugate acid =3 19 -1,0 


(e) According to the principle applied in part (a) (alkyl groups increase basicity, aryl groups decrease it), the 
order of decreasing basicity is as shown: 


(CH3),NH > CsHs;NHCH3 > (C4H4jNH 


Dimethylamine, N-Methylaniline: Diphenylamine, 
strongest base: weakest base: 


pK; of conjugate acid 10.7 49 0.8 


21.29 Nitrogen (a) is the most basic and the most nucleophilic of the three nitrogen atoms of physostigmine and is 
the one that reacts with methyl iodide. 


CH, © CH. 
CHy oe CH, [^ 
© ` N НС. /, 
N; LI N ee 
©) + СНз D 
Осе Or NBER 
О 
Physostigmine Methyl "Physostigmine methiodide" 


iodide 
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The nitrogen that reacts is the one that is a tertiary alkylamine. Of the other two nitrogens, (b is attached to 


an aromatic ring and is much less basic and less nucleophilic. The third nitrogen, (с), is ап amide nitrogen; 
amides are less nucleophilic than amines. 


21.30 The imidazole nitrogen is the other basic site (in addition to the terminal amino group) in carnosine and is 


protonated in the conjugate acid. The amide nitrogen is not a basic site (its two electrons are conjugated with 
the carbonyl) and is thus not protonated. 


| | 
М М 
HN “С^ 27 N: INT e == iH 
оос МЕ О ос м 
H H 
Саглоѕіве 


Conjugate acid of сагпоѕіпе 


21.31 A mixture of 9-aminofluorene and fluorene can be separated by taking advantage of the amine group 


in 9-aminofluorene. Because this substituent is basic and can be protonated to make a salt that is soluble in 
water, the following extraction process can be applied. 


Step 1: Add ether to the mixture. From this solution, extract the 9-aminofluorene into the aqueous phase 
with aqueous hydrochloric acid. This process converts 9-aminofluorene to its HCI salt, which will 


be soluble in the aqueous phase. The neutral fluorene remains in the ether phase. 


Crt) —— Crt) 


NH; *NH, СГ 


9-Aminofluorene НСІ зай of 9-aminofluorene 


(water soluble) 


Step 2: After separating the organic phase from the aqueous phase, the aqueous phase is treated with base 


to convert the HCI salt back to 9-aminofluorene. The neutral 9-aminofluorene can tben be 
extracted into ether. 


QO cm СТАО 


*NH, СГ МН, 


НСІ salt of 9-aminofluorene 9-Aminofluorene 
(water soluble) (ether soluble) 


Step 3: Concentration of the separate ether solutions will provide 9-aminofluorene and fluorene. 
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21.32 For inversion to occur, both aryl and alkyl amines must go through a trigonal planar (sp^) transition state: 


Transition state 
(trigonal planar sp2) 


The transition state for inversion of the aryl amine is stabilized by the interaction of the filled p-orbital with 


the lowest occupied molecular orbital (LUMO) of the aromatic system and is therefore lower in energy than 
the transition state for inversion of the alkylamine. 


T 7M filled p-orbital 


LUMO of 
aryl n system 


21.33 (a) Looking at the problem retrosynthetically, it can be seen that a variety of procedures are available for 
preparing ethylamine from ethanol. The methods by which a primary amine may be prepared include 


О 


Ед NCH;CH; 


О 


Gabriel synthesis 


> CH4CHoN 


Reduction of 


CH;CH2NH; an azide 
O 


i 
> CH;CH 


Reductive 
amination 


if 
= CH4CNH, 


Reduction of 
an amide 
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Two of these methods, the Gabriel synthesis and the preparation and reduction of the corresponding 
azide, begin with ethyl bromide. 


PBr3 
CH3CH;OH CorüBr — CHaCH3Br 
Ethanol Ethyl bromide 
О 
- р H;NNH 
СЊСЊВг + N K* МСНСН: ———-  CH4CHoNH; 
О О 
Ethyl N-Potassiophthalimide N-Ethylphthalimide Ethylamine 
bromide 
NaN 1. ШАН 
CH.CHjBr ——=°— CH.CHoN, zo ~ CHCHNH, 
Ethyl Ethyt azide Ethylamine 


bromide 


To use reductive amination, we must begin with oxidation of ethanol to acetaldehyde. 


О 
| 
CH.CH)OH ар CHCH 
Ethanol Acetaldehyde 
о 
NH3, Hz, Ni 
CHCH О 2—2  CH4CH;NH; 
Acetaldehyde Ethylamine 


Another possibility is reduction of acetamide. This requires an initial oxidation of ethanol to acetic acid. 


О 
кК›Сг)Оу, Њ80, 1. SOC; li 1. LIAIH4 
CH4CH;0H ^ HO, beat ^ heat CH4CO;H 7LNH € CH5CNH; но ^ H;O CH3CH;NH; 
Ethanol Acetic acid Acetamide Ethylamine 


(b) Acylation of ethylamine with acetyl chloride, prepared in part (a), gives the desired amide. 


О О 
i i 
CH;4CCl + 2CH;CH;NH; CH,CNHCH;CH, + CH;,CH;NH, СГ 


Acetyl Ethylamine N-Ethylacetamide Ethylammonium 
chloride chloride 


Alternatively, equimolar amounts of acyl chloride and amine can be used in the presence of aqueous 
hydroxide as the base. 
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(c) Reduction of the N-ethylacetamide prepared in part (b) yields diethylamine. 


1, LiAIH, 
2. H20 


i 
CH;CNHCH,CH; CH;CH;NHCH;CH; 


N-Ethylacetamide Diethylamine 


Diethylamine can also be prepared by reductive amination of acetaldehyde [from part (а)] with 
ethylamine. 


Hp, Ni 


| 
CH;CH + CH ;CH2NH2 3r NaBH;N 


CH,CH,NHCH,CH; 


Acetaldehyde Ethylamine Diethylamine 


(d) The preparation of № N-diethylacetamide is a standard acylation reaction. The reactants, acetyl chloride 
and diethylamine, have been prepared in previous parts of this problem. 


О 

| З i 
CH&CCl + (CH;CH,),NH —2 CH4CN(CH;CH34) 
Acetyl Diethylamine N,N-Diethylacetamide 


chloride 


(e) Triethylamine arises by reduction of N, N-diethylacetamide or by reductive amination. 


I 1. АНА 
CH,CN(CH;CHg) 9 (CH3CH3N 
N,N-Diethylacetamide Triethylamine 
| Нә, Ni 
CH;CH + (CH3CH2),NH —— (CH;CH)3N 
NaBH3CN 
Acetaldehyde Diethylamine Triethylamine 


(f) Quaternary ammonium halides are formed by reaction of alkyl halides and tertiary amines. 


р + 
CH;4CHjBr + (CH4CH;N (CH4CH;4N Br 


Ethyl bromide Triethylamine Tetraethylammonium 
bromide 


21.34 (a) In this problem, a primary alkanamine mnst be prepared with a carbon chain extended by one carbon. 
This can be accomplished by way of a nitrile. 


RCHNH, > RCN > RBr > ROH 


(R = CH;CH,CH,CH)—) 
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The desired reaction sequence is therefore 
CH,CH,CH,CH;OH 82 
HBr 

1-Butanol 


—w T CH;CH;CH;CHjBr 


Butyl bromide 
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NaCN 


CH;CH;CH;CH;CN 


Pentanenitrile 


i. LiATH, 
2.H;0 


CH;4CH;CH;CH;CHNH; 


1-Pentanamine 


(b) The carbon chain of tert-butyl chloride cannot be extended by a nucleophilic substitution reaction; the 
5 42 reaction that would be required on the tertiary halide would not work. The sequence employed in 


part (a) is therefore not effective in this case. The best route is carboxylation of the Grignard reagent and 
subsequent conversion of the corresponding amide to the desired primary amine product. 


О 
i 
(CH3))CCH;NH5 [x (CH34CCNH; [> (CH434CCO;H [> (CH44CCI 


The reaction sequence to be used is 


(CHCC zo 

* 

tert-Butyl Sap 
chioride 


1. Mg, diethyl ether 


(CH3)3CCO2H 


2,2-Dimetbylpropanoic 
acid 


Once the carboxylic acid has been obtained, it is converted to the desired amine by reduction of the 


corresponding amide. 


1. SOCI || 1. LiAIH 
(CH434CCO;H = (CH34CCNH; —— (CH3)3CCH2NH> 
2. NH3 2. H9O 
2,2-Dimethylpropanoic 2,2-Dimethylpropanamide 2,2-Dimethyl-1- 


acid 


propanamine 


(c) Oxidation of cyclohexanol to cyclohexanone gives a compound suitable for reductive amination. 


K;Cr;0; 
H35804, H20 


(о 


Cyclohexanol 


(> й K 
CH3NH;, 


Cyclohexanone 


CHaNH; 


Нә, Ni 
ees т> NOE. cos 


NHCH; 


NaBH4CN 
N-Methylcyclohex ylamine 


(а) The desired product is the reduction product of the cyanohydrin of acetone. — _ 


T 
. LiAIH 
CHOCH uoo 

CN 

Acetone 


cyanohydrin 


OH 


| 
CH3CCH3 


| 
CH;NH; 


I-Amino-2-methyl- 


2-propanol 
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The cyanohydrin is made from acetone in the usual way. Acetone is available by oxidation of isopropyl 


alcohol. 
ү үн 
K35Cr;0;, H2850. KCN | 
CH3CHCH; SEM F СНЗССИз 250, CHSCCHs 
OH CN 
Isopropyl Acetone Acetone 
alcohol cyanohydrin 


(e) The target amino alcohol is the product of nucleophilic ring opening of 1,2-epoxypropane by ammonia. 
Ammonia attacks the less hindered carbon of the epoxide function. 


CH3CH-CH, МН» CH;CHCH;NH, 
OH 
1,2-Epoxypropane 1-Amino-2-propanol 


The necessary epoxide is formed by epoxidation of propene. 


| 
H250, СНзСООН 


CHSCHCHs к CH4CH-—CH; CH;CH-CH; 
OH О 
Isopropyl Propene 1,2-Epoxypropane 
alcohol 


(f) The reaction sequence is the same as in patt (e) except that dimethylamine is used as the nucleophile 
instead of ammonia. 


CH3CH CH; + (CH3),NH CHSCEHCH2NGCH3)) 
О | OH 
1,2-Epoxy propane Dimethylamine 1-(N,N-Dimethylamino)- 
[prepared as in part (e)} 2-propanol 


(g) The key to performing this synthesis is recognition of the starting material as an acetal of acetophenone. 
Acetals may be hydrolyzed to carbonyl compounds. 


H,O* | 
о O СеН5ССНз + HOCH CHOH 
Сене CH; 
2-Methyl-2-phenyl- Acetophenone 1,2-Ethanediol 


1,3-dioxolane 


Once acetophenone has been obtained, it may be converted to the required product by reductive 


amination. 
т 
NaBH4CN 
СеН5ССНз + С) "уН, H; Ni @ 


М М 
Н | 
CsHsCHCH3 
Acetophenone Piperidine N-(1-Phenylethyl)- 


piperidine 
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21.35 (a) The reaction of alkyl halides with N-potassiophthalimide (the first step in the Gabriel synthesis of 
amines) is a nucleophilic substitution reaction. Alkyl bromides are more reactive than alkyl fluorides; 
that is, bromide is a better leaving group than fluoride. 


О О 
МК + FCH;CH;Br NCH;CH;F 
О 
N-Potassiophthalimide 1-Bromo-2- 2-Phthalimidoethyl fluoride 


fluoroethane 


(b) In this example, one bromine is attached to a primary and the other to a secondary carbon. Phthalimide 
anion is а good nucleophile and reacts with alkyl halides by the 5,42 mechanism. It attacks the less 


hindered primary carbon. 


O 
т == NCE ЕН ОН ОНЕШ 
Вг 

(0 

О ^N О 

i. a. crowded 
ry CHo CH; CH 
H^. о о 
Less crowded | 
Вг 
N-(4-BromopentyDphthalimide 
[,4-Dibromopentane (only product, 67% yield) 


(c) Both bromines are bonded to primary carbons, but branching at the adjacent carbon hinders nucleophilic 
attack at one of them. 


О 
сњ 
——— NCH;CH;CCH;Br 
CH; 
О 


о `N О 


М 
| E a етен 
Less cH C Br 


/ 
crowded Br "CH, CH; 
N-(A-Bromo-3,3-dimethylbutyl)phthalimide 
1,4-Dibromo-2,2-dimethylbutane (only product, 5396 yield) 


21.36 (a) Amines are basic and are protonated by hydrogen hatides: 


T 
C;HSCH;NH, + HBr CsHs5CH,NH; Br 


Benzylamine Benzylammonium 
bromide 
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(b 


— 


Equimolar amounts of benzylamine and sulfuric acid yield benzylammonium hydrogen sulfate 
as the product. 


CsHsCH,NH, + HOSO,OH CsHsCH,NH; ~OSO,0H 


Benzylamine Sulfuric acid Benzylammonium hydrogen 
sulfate 


(c) Acetic acid transfers a proton to benzylamine. 


О 
i 
CsHsCH,NH, + CH4COH 


+ Н 
C;H;CH;NH4 ОССНа 
Benzylamine Acetic acid Benzylammonium acetate 


(d) Acetyl chloride reacts with benzylamine to form an amide. 


j i + 
2CgH,CH;NH, + CHCC CH;CNHCH;C4H, + CsHsCH)NH; СГ 


Benzylamine Acetyl N-Benzylacetamide Benzylammonium 
chloride chloride 


(e) Acetic anhydride also gives an amide with benzylamine. 


ћ | il | 
2СЕНСЊМЊ + CH3COCCH; CH;CNHCH,C;<H; + CsHsCH,NH3 ~OCCH, 


Benzylamine Acetic anhydride N-Benzylacetamide Benzylammonium acetate 


(f) Primary amines react with ketones to give imines. 


i 
CgH;5CH;9NH, + CH3CCH; 


(CH3)2C=NCH>C.Hs 
Benzylamine Acetone N-isopropylidenebenzylamine 
(g) These reaction conditions lead to reduction of the imine formed in part (f). The overall reaction 


is reductive amination. 


Ho, Ni 


T 
CsHsCH,NH, + CH;CCH; (CH3CHNHCH;C4H; 


Benzylamine Acetone N-Isoptopylbenzylamine 


(h) Amines are nucleophilic and bring about the opening of epoxide rings. 


CeHsCHoNH, +  H;C—CHo CsH;CH,NHCH,CH,OH 
О 


Benzylamine Ethylene oxide 2-(N-Benzylamino)ethanol 
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(д 


UL 


(0) 


21.37 (a) 


(b) 


(с) 


(4) 


In these nucleophilic ring-opening reactions, the amine attacks the less sterically hindered carbon 
of the ring. 


СеНуСН:МН; + H)C—CHCHs CoHsCH)NHCH,CHCH 
О OH 
Benzylamine 1,2-Epoxypropane 1-(N-Benzylamino)-2-propanol 


With excess methyl iodide, amines are converted to quaternary ammonium iodides. 


T 
CsHsCH2,NH, + 3CHijl CsHsCH2N(CH3)3 Г 


Benzylamine Methyl Benzyltrimethylammonium 
iodide iodide 


Nitrous acid forms from sodium nitrite in dilute hydrochloric acid. Nitrosation of benzylamine in water 
gives benzyl alcohol via a diazonium ion intermediate. 


NaNO;, НСІ + _ -N 
C&HSCHoNH; “ЕР — CSH;CH9NEN 2 СоН5СН2ОН 
ЊО : ТЕ] : 
Benzylamine Benzyldiazonium Benzyl alcohol 


ion 


Aniline is a weak base and yields a salt on reaction with hydrogen bromide. 


+ 
C6H5NH4 Br 


C6H;NH} + HBr 


Aniline Hydrogen Anilinium 
bromide bromide 


Aniline acts as a nucleophile toward methyl iodide. With excess methyl iodide, a quaternary ammonium 
salt is formed. 


+ 
CsHsNH2 + 3CH3I CgH5N(CH3)s I 


Aniline Methyl N,N,N-Trimethylanilinium 
iodide iodide 
Aniline is a primary amine and undergoes nucleophilic addition to aldehydes and ketones to form imines. 
1 
C&;HSNH; + CHCH 


CsH;N=CHCH,; + H,O 
Aniline Acetaldehyde N-Phenylacetaldimine Water 


When an imine is formed in the presence of hydrogen and a suitable catalyst, reductive amination occurs 
to give an amine. 


О 


NE IL. 
C.HSNH, + CHCH NM 


C&H3NHCH;CH, _ BEEN 


Aniline Acetaldehyde N-Ethylaniline 


pages 656-658 missing 
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»-toluenesulfonate 


imethylamine is 


СН,М(СНз) 


1-3-рћепу!- 
ипе (86%) 


itituted carbon 


"H(CH3); 


ine is the 


1 base—in this 
t. 
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(f) Quaternary ammonium hydroxides undergo Hofmann elimination when they are heated. A point to be 
considered here concerns the regioselectivity of Hofmann eliminations: it is the less hindered B proton 
that is removed by the base giving the less substituted alkene. 


н “OH 
H3C a ex^ CH, 
sa СН у 
И. “е M cor | + (сну: 
+ . 
Hae Ссн»), не СН, 
trans-1-Isopropenyl-4- Trimethylamine 


methylcyclohexane (98%) 


CH; 
Elimination to give вс—( У does not occur. 
CH3 


(g) The combination of sodium nitrite and aqueous acid is a nitrosating agent. Secondary alkylamines react 
with nitrosating agents to give N-nitroso amines as the isolated products. 


(CH);CHNHCH(CHio egg" (CH); CHNCH(CHs); 
Nac 
Diisopropylamine N-Nitrosodiisopropylamine (91%) 


21.40 (a) Catalytic hydrogenation reduces nitro groups to amino groups. 
CH3CH2 CHCH? 
Но, Pt 
ethanol 
CH3CH; NO, CH3CH; NH; 
1,2-Diethyl-A-nitrobenzene 3,4-Diethylaniline (93-99%) 


(b) Nitro groups are readily reduced by tin(ID) chloride. 


CH; CH3 
NO; NH) 
І. SnCh, НС! 
2. HOT 
CH, CH; 
1,3-Dimethyl-2-nitrobenzene 2,6-Dimethylaniline 


This reaction is the first step in a synthesis of the drug lidocaine. 


(c) The amino group of arylamines is nucleophilic and undergoes acylation on reaction with chloroacetyl 
chloride. Chloroacetyl chloride is a difunctional compound—it is both an acyl chloride and an alkyl 
chloride. Acyl chlorides react with nucleophiles faster than do alkyl chlorides, Therefore, acylation of the 
amine nitrogen occurs rather than alkylation. 


CH, CH; С 
NH; 0 NHCCH;CI 
+ асњса == 
CH; CH; 
2,6-Dimethy laniline Chloroacetyl N-(Chloroacetyl)- 


chloride 2,6-dimethylaniline 
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(d) The final step in the synthesis of lidocaine is displacement of the chloride by diethylamine from the 
ot-halo amide formed in part (c) in a nucleophilic substitution reaction. 


CH; о СН; С 
NHCCH;CI NHCCH;N(CH;CH3); 
+ (СНзСН>)>МН p 
CH; CH; 
N-(Chloroacetyl)- Diethylamine Lidocaine 


2,6-dimethylaniline 


The reaction is carried out with excess diethylamine, which acts as a base to neutralize the hydrogen 
chloride formed. 


(e) For use as an anesthetic, lidocaine is made available as its hydrochloride salt. Of the two nitrogens in 
lidocaine, the amine nitrogen is more basic than the amide. 


СНз " СН» | M 
9 M NHCCH;N(CH;CH3); СГ 
на 
CH3 CH3 
Lidocaine Lidocaine hydrochloride 
(f) Lithium aluminum hydride reduction of amides is one of the best methods for the preparation of amines, 


including arylamines. 


|| 1, LiAIH. 
CsHsNHCCH3CH2CH3 PET СЕВМНСЊСЊСЊСНа 
N-Phenylbutanamide N-Butylaniline (92%) 
(g) Arylamines react with aldehydes and ketones in the presence of hydrogen and nickel to give the product 


of reductive amination. 


H, Ni 


|| 
СН5МН + CH3(CH2)sCH CsHsNHCH2(CH2)sCH3 
Aniline Heptanal N-Heptylaniline (65%) 


(ћу Acetanilide is activated toward electrophilic aromatic substitution. On reaction with chloroacetyl 
chloride, it undergoes Friedel-Crafts acylation, primarily at its para position. 


О О О О 
|| d АСВ || || 
CH3CNH + CICH,CCl ————-  CH3CNH ССН»С1 


Acetanilide Chloroacetyl p-Acetamidophenacyl chloride 
chloride (79-83%) 


Acylation, rather than alkylation, occurs. Acyl chlorides are more reactive than alkyl chlorides toward 
electrophilic aromatic substitution reactions as a result of the more stable intermediate (acylium ion) 
formed. 
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(i) Reduction with iron in hydrochloric acid is one of the most common methods for converting nitroarenes 
to arylamines. 


4-Bromo-4' -nitrobiphenyl 4-Amino-4'-bromobiphenyl (94%) 


(j) Primary arylamines are converted to aryl diazonium salts on treatment with sodium nitrite in aqueous 
acid. When the aqueous acidic solution containing the diazonium salt is heated, a phenol is formed. 


® ® NaNO», Ч SO, == (је 


4-Amino-4' -bromobiphenyl 
H30, heat 
(№2) 


(У Son 


4-Bromo-4' -hydroxybiphenyl (8596) 


(k) This problem illustrates the conversion of an arylamine to an aryl chloride by the Sandmeyer reaction. 


+ 
NH, NEN: Cl 
ON NO; ON NO; ON NO; 
NaNO», H2504 CuCl 
H;0 (№) 
2,6-Dinitroaniline 2-Chtoro-1 ,3- 


dinitrobenzene (71-74%) 


(1) Diazotization of primary arylamines followed by treatment with copper(I) bromide converts them to aryl 


bromides. 
T — . 
NH) МЕМ; Br 
NaNO», HBr CuBr 
НО (М>) 
Br Br Br 
m-Bromoaniline m-Dibromobenzene 
(80-87%) 


(m) Nitriles are formed when aryl diazonium salts react witb copper(I) cyanide. 


NO; NO NO; 
NaNO», НСІ CuCN 
————— 
нњо n (CN) 
NH; NEN: CN 
o-Nitroaniline o-Nitrobenzonitrile 


(87%) 
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(n) An aryl diazonium salt is converted to an aryl iodide on reaction with potassium iodide. 


NO; NO; NO; 
NaNQ,, H550, KI 
HO 
I I I I I I 
МИ» "NEN 

2,6-Diiodo- 1.2,3- Triiodo- 
4-nitroaniline 5-nitrobenzene 

(94-95%) 


(о) Aryl diazonium fluoroborates are converted to aryl fluorides wben heated. Both diazonium salt functions 
in the starting material undergo this reaction. 


+ = 
“ УВ Уе 2BF4 feii C Sa 


4,4' -Bis(diazonio)biphenyl fluoroborate 4,4'-Difluorobiphenyl (8246) 


(p) Hypophosphorous acid (H4PO;) reduces aryl diazonium salts to arenes, 


NH; 
ON NO; ON МО» 
NaNO», H2504 
Н,О, НАРО; 
NO; NO; 
2,4,6-Trinitroaniline 1,3,5-Trinitrobenzene 


(60-65%) 


(g) Ethanol, like hypophosphorous acid, is an effective reagent for the reduction of aryl diazonium salts. 


ii COH COH 
N= Ni 
NaNO), HCl HCl CHCOOH 
њо т 
р I 
2-Amino-5- ni-lodobenzoic acid 
iodobenzoic acid (86-93%) 


(r) Diazotization of aniline followed by addition of a phenol yields a bright-red diazo-substituted phenol. 
The diazonium ion acts as an electrophile toward the activated aromatic ring of the phenol. - 


Нас CH; OH 
H3C CH; 
NaNO», H2504 T НЗС 


0 C&H;NEN: HSO4 


СЕН;МН, 
HC 
ме МС Но 


Aniline Benzenediazonium 2,3,6-Trimethyl-4- 
hydrogen sulfate (phenylazo)phenol (98%) 
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(s) Nitrosation of N, N-dialkylarylamines takes place on the ring at the position para to the dialkylamino group. 


О 
8 1. ММО», НСІ, ЊО Я 4 
(Chah oe (CHN N 
CH; CH; 
N,N-Dimethyl-ni-toluidine 3-Methyi-4-nitroso-N,N- 


dimethylaniline (83%) 


21.41 (a) Reduction of the N-methoxy-N-methylamide to the stable chelated intermediate, which then hydrolyzes 
to the aldehyde, requires one equivalent of hydride. Reduction of most amides to amines requires two 
equivalents (see Mechanism 21.1). 


О О 
li SOCI || HN(OCH4)CH 
(b) (у ов Iq (OCH;)CH; 


Cyclohexane- 
carboxylic acid 


D D 
xw 1. LiAIH, i 
C C-NOCH. — ни (od H 


CH3 


Cyclohexane- 
catbaldehyde 


(c) Reduction of this amide will proceed by the more typical course for LiAIH, reduction, and give the 
dimethylamino compound. The cyclic intermediate in which aluminum is chelated to both the carbonyl 
oxygen and the methoxy oxygen in the preceding examples is not possible. 


О 
ДЕ 1, LiAIH, 
C je ANO о ies 


CH, CH3 
N,N-PDimethylcyclohexane- I-Cyclohexyi-N.N- 
carboxamide dimethyimethanamine 


21.42 (a) 4-Methylpiperidine can participate in intermolecular hydrogen bonding in the liquid phase. 


These hydrogen bonds must be broken for individual 4-methylpiperidine molecules to escape into the 
gas phase. N-Methylpiperidine lacks a proton bonded to nitrogen and so cannot engage in interinolecular 
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hydrogen bonding. Less energy is required to transfer a molecule of N-methylpiperidine to the gaseous 
state, and therefore it has a lower boiling point than 4-methylpiperidine. 


* 


| 
CH; 
N-Methylpiperidine; 


no hydrogen bonding possible 
to other N-methylpiperidine molecules 


(b) The two products are diastereomeric quaternary ammonium chlorides that differ in the configuration at 
the nitrogen atom. 


C(CH3)3 H H 
C&HsCH;CI CH C(CH. 
Meise i peed a 3)3 + а (CH3)3 
N i | 
| C&;H4CH. Cr CH СГ 
CH; 685 СНу 3 


4-tert-Butyl-N- 
те ћу piperidine 


(c) Tetramethylammonium hydroxide cannot undergo Hofmann elimination. The only reaction that can 
take place is nucleophilic substitution. 


НзС > ^\ LS HC . oe 
4N- СНз "ОН № + CH30H 
Н.С НзС 
Tetramethylammonium Trimethylamine Methanol 
hydroxide 


(d) The key intermediate in the reaction of an amine with nitrous acid is the corresponding diazonium ion. 


NaNO», НСІ S 
CH4CH;CH;NH; а e CH4CH;CH;-NZN: 
1-Ргорапатіпе Propyldiazonium ion  . 


Loss of nitrogen from this diazonium ion is accompanied by a hydride shift to form a secondary 
carbocation, 


CH,CHCH, + NENE 


C+ 
СН:СНСН,-М= М: 
du 


Propyldiazonium ion Isopropyl Nitrogen 
cation 


Capture of isopropyl cation by water yields the major product of the reaction, 2-propanol. 


сњенсњ + њо CH;CHCH; CH;CHCH + Ht 
+ 
yo OH 
Isopropyl Water 2-Propanol 


cation 
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21.43 Alcohols are converted to p-toluenesulfonates by reaction with p-toluenesulfonyl chloride. 
None of the bonds to the chirality center is affected in this reaction. 


снзсн:5 pue O 
C-OH + нус soc Р. 080, CH; 
HC Н.С 


(5)-2-Octanol p-Voluenesulfonyi chloride ($)- L-Methylheptyl p-toluenesulfonate 
(compound A) 


Displacement of the p-toluenesulfonate leaving group by sodium azide is an 542 process and proceeds with 
inversion of configuration. 


H 
СНЗ(СН)5, Н (CHCH 
= + " 2 — toes ~ 2/5 3 p 
ls NN. с —— tN-N-N-C^ * о ( Ус, 
CH3 


HC 


(S)-1-Methylheptyl p-toiuenesulfonate (R)-1-Methylheptyl azide 
(compound À) (compound B) 


Reduction of the azide yields a primary amine. A nitrogen-nitrogen bond is cleaved; all the bonds to the 
chirality center remain intact. 


H H 
сар ве I (СН2)5СНз 1. LiAIHy we zp(CH2)sCH3 
2N=N=N—C воно Ne 
CH; CH3 
(R)-1-Methylheptyl azide (R)-2-Octanamine 
(compound B) (compound C) 


21.44 (a) The overall transformation can be expressed as RBr > КСН,М№Н,. In many cases, this can be 
carried out via a nitrile, as RBr > RCN > RCH NH}. In this case, however, the substrate is 


1-bromo-2,2-dimethylpropane, an alkyl halide that reacts very slowly in nucleophilic substitution. 
Carbon—carbon bond formation with 1-bromo-2,2-dimethylpropane can be achieved more effectively by 
carboxylation of the corresponding Grignard reagent. 


I. M 
(CH3&CCHoBr = Ge (CH34CCH;CO;H 
3. H30* 
I-Bromo-2,2- 3,3-Dimethylbutanoic 
dimethylpropane acid (63%) 


The carboxylic acid can then be converted to the desired amine by reduction of the derived amide. 


O 
1. SOCI s ll 1. LiAIH | 
(СПАЗССВСОН 59g = (СНАССЊСМНЊ 5-ю” (CH )3CCH2CH2NH2_ 
3,3-Dimethylbutanoic 3.3-Dimethylbutanamide 3,3-Dimethyl-i -butanaminc 
acid (5196) (57%) 


The yields listed in parentheses are those reported in the chemical literature for this synthesis. 
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(b) Consider the starting materials in relation to the desired product. 


О 
i 
H;C—CH(CH3)gCH; x 7] = H)C=CH(CH>)gCOH + dq 
H 


N-(10-Undecenyl)pyrrolidine 10-Undecenoic acid Pyrrolidine 


The synthetic tasks are to form the necessary carbon-nitrogen bond and to rednce the carbonyl 
group to a methylene group. This has been accomplished by way of the amide as a key intermediate. 


O 
|| 1. SOCI | 1. МАН 
H;C-CH(CHj.COH де" ПСЕ CH(CH;)C-N гэ а H3C-CH(CHjgCHzN 
10-Undecenoic acid N-(10-Undecenoyl)pyrrolidine (75%) N-(10-Undecenyl) pyrrolidine (66%) 


A second approach converts the starting carboxylic acid to an aldehyde followed by reductive amination. 


i i 
H;C—CH(CH;COH So HyC=CH(CHy)gCH,0H ТА  H,C-CH(CH4CH 
10-Undecenoic acid 10-Undecen-1-o1 10-Undecenal 


The reducing agent in the reductive amination process cannot be hydrogen, because that would result in 
hydrogenation of the double bond. Sodium cyanoborohydride is required. 


О 
i 
H,C=CH(CH;)sCH + { \ авыз. њс=снсплсњ 7) 
N 
H 


10-Undecenal Pyrrolidine N-(10-Undecenyl)pyrrolidine 


(c) It is stereochemistry that determines the choice of which synthetic method to employ in introducing the 
amine group. The carbon-nitrogen bond must be formed with inversion of configuration at the aicohol 
carbon. Conversion of the alcohol to its p-toluenesulfonate ensures that the leaving group is introduced 
with exactly the same stereochemistry as the alcohol. 


C3 + nc вю ee C3 
CH0 OH CH0 os Scar 


cis-2-Phenoxycyclo- p-Toluenesulfonyl cis-2-Phenoxycyclopentyl 
pentanol chloride p-toluenesulfonate 
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Once the leaving group has been introduced with the proper stereochemistry, it can be displaced by a 
nitrogen nucleophile suitable for subsequent conversion to an amine. 


C NaN; І. БАЊА 
~ ^, ~ 2. но ~ 
СНО ово; Sos НО № C6Hs0 NH; 


cis-2-Phenoxycyclopentyi trans-2-Phenoxycyclopentyl trans-2-Phenoxy- 
p-toluenesulfonate azide (90%) cyclopentylamine 


(As actually reported, the azide was reduced by hydrogenation over a palladium catalyst, and the amine 
was isolated as its hydrochloride salt in 66% yield.) 


(d) Recognition that the primary amine is derivable from the corresponding nitrile by reduction, 
CcHSCH;NCH;CH;CH;CH;NHo m CoHsCH;NCH;CH;CH;CEN 
СНз CH3 


and that the necessary tertiary amine function can be introduced by a nucleophilic substitution reaction 
between the two given starting materials suggests the following synthesis. 


L MAH: 


C6HsCHNH + BrCH;CH;CH;CN CoHsCHNCHCH:CH:CN 775 = CeHsCHNCH;CH;CH;CHoNH; 
CH; CH; CH; 
N-Methyibenzylamine ^ 4-Bromobutanenitrile N-Benzyl-N-methyl-1 ,4-butanediamine 


Alkylation of N-methylbenzylamine with 4-bromobutanenitrile has been achieved in 92% yield in the 
presence of potassium carbonate as a weak base to neutralize the hydrogen bromide produced. The 
nitrile may be reduced with lithium aluminum hydride, as shown in the equation, or by catalytic 
hydrogenation. Catalytic hydrogenation over platinum gave the desired diamine, isolated as its 
hydrochloride salt, in 90% yield. 


(e) The overall transformation may be viewed retrosynthetically as follows: 


менмен [ > Acme [> acm А=мс—( \— 


The sequence that presents itself begins with benzylic bromination with N-bromosuccinimide. 


N-bromosuccinimide у f \ 
Be | CH benzoyi peroxide, cc, NC - M CHBr 
heat —— 


p-Cyanotoluene p-Cyanobenzyl bromide 


The reaction shown in the equation has been reported in tbe chemical literature and save the benzylic 
brornide-in-6096-yicld: Treatment of this bromide with- dimethylamine gives the desired product. (Fhe 


isolated yield was 8346 by this method.) 
= Sous + (CH3),NH no Xone 


p-Cyanobenzyl bramide Dimethylamine p-Cyano-N,N-dimethylbenzylamine 
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21.45 (a) This problem illustrates the application of the Sandmeyer reaction to the preparation of aryl cyanides. 
Diazotization of p-nitroaniline followed by treatment with соррег(® cyanide converts it to 
p-nitrobenzonitrile. 


NH; CN 


1, NaNO», НСІ, H20 
2. CuCN 


NO, NO, 
p-Nitroaniline p-Nitrobenzonitrile 


(b) An acceptable pathway becomes apparent when it is realized that the amino group in the product is 
derived from the nitro group of the starting material. Two chlorines are introduced by electrophilic 
aromatic substitution, the third by a Sandmeyer reaction. 


Cl Cl NH; МН» 
а wr Г ко : 

NH; NO; NO; NO; 
Two of the required chlorine atoms can be introduced by chiorination of the starting material, 
p-nitroaniline. 


p-Nitroaniline 2,6-Dichloro-4- 
nitroaniline 


The third chlorine can be introduced via the Sandmeyer reaction. Reduction of the nitro group completes 
the synthesis of 3,4,5-trichloroaniline. 


1. 1. NaNO;, HCI, #20 HCl, H20 reduce 
ее >” CuCl 


2,6-Dichloro-4- 1,2,3-Trichloro-5- 3,4,5-Trichloroaniline 
nitroaniline nitrobenzene 


The reduction step has been carried out by hydrogeuation with a nickel catalyst in 70% yield. 
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(c) The amino group that is present in the starting material facilitates the introduction of the bromine 
substituents and is then removed by reductive deamination. 


NH; NH; 
Br Br Br Br 
Br; 1. NaNO», НО, Н+ di 
— M ————— 
acetic acid 2. ethanol S 
NO; ХО; ХО; 
p-Nitroaniline 2,6-Dibromo-4- 1,3-Dibromo-5- 
nitroaniline nitrobenzene 
(95%) (70%) 


Hypophosphorous acid has also been used successfully in the reductive deamination step. 


(d) Reduction of the nitro group of the 1,3-dibromo-5-nitrobenzene prepared in the preceding part (c) this 
problem gives the desired product. The customary reducing agents used for the reduction of nitroarenes 
would all be suitable. 


Br Br Br Br 
Hy, Ni 


NO; NH; 
1,3-Dibromo-5-nitrobenzene 3,5-Dibromoaniline 
[prepared from p-nitroaniline as in part (c)] (80%) 


(e) The synthetic objective is 


O 


T 
HO ЕВЕ HCCH, 


p-Aeetamidophenol 


This compound, known as acetaminophen and used as an analgesic to reduce fever and relieve minor 
pain, may be prepared from p-nitroaniline by way of p-nitrophenol. 


NH, OH OH 
1. МаМО», H20, 5504. 1. reduce „_ 
2. H50, heat 2. acetylate 
NO; NO; HNCCH; 
О 
___РЇМчоашйше p-Nitrophenol Е Pr Acetamidophenol 


Any of the customary reducing agents suitable for converting aryl nitro groups to arylamines 

(Fe, HCl; Sn, HCl; Н», Ni) may be used, Acetylation of p-aminophenol may be carried out with acetyl 
chloride or acetic anhydride. The amino group of p-aminophenol is more nucleophilic than the hydroxyl 
group and is acetylated preferentially, 
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21.46 (a) Replacement of an amino substituent by a bromine is readily achieved by the Sandmeyer reaction. 


OCH; OCH; 
NH; Br 
1. NaNO;, HBr, НО 
2. CuBr 
o-Anisidine o-Bromoanisole (88-93%) 


(b) This conversion demonstrates the replacement of an amino substituent by fluorine via the 
Schiemann reaction. 


ОСН; OCH, OCH, 
+ 
NH; NEN: F 

1. NaNO;, НСІ, ЊО = heat 
MM —À—ÀMM MÀ Wu ————— 
2. HBF, BF, 

o-Anisidine o-Methoxybenzenediazonium o-Fluoroanisole 

fluoroborate (57%) (53%) 


(c) We can use the o-fluoroanisole prepared in part (b) to prepare 3-fluoro-4-methoxyacetophenone 
by Friedel-Crafts acylation. 


OCH; OCH; OCH; 
оо 
МН, Е ü i F 
as in part (8) СЊАСОССНа 
AICI, 
o4 C% 
o-Anisidine o-Fluoroanisole 3-Fluoro-4-methoxyacetophenone 
(70-8095) 


Remember from text Section 12.16 that it is the mote activating substituent that determines the 
regioselectivity of electrophilic aromatic substitution when an arene bears two different substituents. 
Methoxy is a strongly activating substituent; fluorine is slightly deactivating. Friedel-Crafts acylation 
takes place at the position para to the methoxy group. 


(d) The o-fluoroanisole prepared in part (b) serves nicely as a precursor to 3-fluoro-4-methoxy- 
benzonitrile via diazonium salt chemistry. 


CN NH; NO; [from part (b)} 
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The desired sequence of reactions to carry out the synthesis is 


OCH; OCH; OCH; OCH; 
NH; F F F 
as in part (b) HNO; H3, Pt 
NO; NH) 
o-Anisidine o-Fluoroanisole 2-Fluoro-4- 4-Amino-2- 
nitroanisole fiuoroanisole 
(53%) (85%) 


t. NaNO , НСІ, Ho 
2. CuCN 


OCH; 
F 


CN 
3-Fluoro-4- 


methoxybenzonitrile (46%) 


Conversion of o-fluoroanisole to 4-amino-2-fluoroanisole proceeds in the conventional way by preparation 
and reduction of a nitro derivative. Once the necessary arylamine is at hand, it is converted to tbe nitrile by a 
Sandmeyer reaction. 


(e) Diazotization followed by hydrolysis of the 4-amino-2-fluoroanisole prepared as an intermediate in part (d) 
yields the desired phenol. 


m ae ОСН; 
Е 
аѕ іп as in part (а) (d) 1. 1. NaNO;, H2504, H20 H2504, H20 
2. H20, heat —— H20, heat 
OH 
o-Anisidine 4-Amino-2- 3-Fluoro-4- 
fluoroanisole methoxyphenol 
(70%) 


21.47 (a) The compound is an imine. Retrosynthetically, we disconnect the N=C double bond to see that this 
particular imine is prepared by the reaction of aniline and p-nitrobenzaldehyde. 


О 
И 
C 2^ сн—{ omo, => а“ + MM № 


---------- Н 
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One of the reactants given in the problem is nitrobenzene, from which we can prepare aniline by reduction. 


H3, Ni 

Qo» £z Qo 
1. Fe, НСІ 
2.HO^ 


The other reactant given is p-nitrobenzyl alcohol, which can be oxidized to p-nitrobenzaldehyde with PCC or 
PDC in dichloromethane. 


О 
HOCH No, "CX? не NO. 
2 ? сне, 2 


Combining aniline and p-nitrobenzaldehyde gives the desired imine. An acid catalyst such as а trace of НСІ 
can be used to speed up the reaction. 


О 
II на! = 
NH, + HC NO, = N=C NO; + ЊО 


(b) The most direct way to approach this synthesis is to convert p-nitrotoluene to p-nitrobenzyl alcohol, then 
proceed as in part (a). Benzylic bromination with N-bromosuccinimide (NBS), followed by hydrolysis will 
work. 


NBS NaOH, H20 
H3C КО; benzoyl peroxide, heat ВІСН NO? HOCH; NO» 


The alternative sequence 


Ма2Се Оз T 1. LiAlH4 
Ar— CH; Ar—COH Ar—CH;OH 
H2504, H50, 2. Н2О 
heat 


will not work in this synthesis because the nitro group will also be reduced by lithium aluminum hydride. 


21.48 (a) The carboxyl group of p-aminobenzoic acid can be derived from the methyl group of p-methylaniline by 
oxidation. First, however, the nitrogen must be acylated so as to protect the ring from oxidation. 


COH CO;H 
NH; NHCCHs 
p-Aminobenzoic p-Methylaniline 


acid 
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The sequence of reactions to be used is 


CH; CH; CO;H COH 
il | 
CH;COCCH; К,С»05, H2504 1. HCl, НО 
H20, heat 2. neutralize 
NH; HNCCH; HNCCH, NH; 
O О 
p-Methylaniline p-Methylacetanilide p-Acetamidobenzoic p-Aminobenzoic 
acid acid 


(b) Attachment of fluoro and propanoyl groups to a benzene ring is required. The fluorine substituent can be 
introduced by way of the diazonium tetrafluoroborate, the propanoyl group by way of a Friedel-Crafts 
acylation. Because the fluorine substituent is ortho, para-directing, introducing it first gives the proper 


orientation of substituents. 
F NH; 


Ethyl p-fluorophenyl Fluorobenzene Aniline 
ketone 


огССЕ:©н» 


Fluorohenzene is prepared from aniline by the Schiemann reaction, shown in Section 21.17. Aniline is 
prepared from benzene via nitrobenzene. Friedel-Crafts acylation of fluorobenzene has been carried out 
with the results shown and gives the required ethyl p-tluorophenyl ketone as the major product. 


F F 


l АСВ 
+ CH4CH;CCI 


о20СНСН; 
Fluorobenzene Propanoyl Ethyl p-fluoropheny] 
chloride ketone (86%) 


(c) The synthetic plan is based on the essential step of forming the fluorine derivative from an amine by way 
of a diazonium salt. 


Br 


Н.С 


1-Bromo-2-fluoro- 
3,5-dimethylbenzene 


2,4-Dimethylaniline 
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674 
The required substituted aniline is derived from m-xylene by a standard synthetic sequence. 
КО; NH, 
HNO4 1. Fe, HCI 
H5804 2. НО“ 
НзС СН» Н.С CH3 H3C CH; 
m-Xylene 1,3-Dimethyl-4- 2,4-Dimethylaniline 
nitrobenzene (98%) 
Bry 
Br Br 
1. NaNO;, НСІ, МН, 
H20, 0°C 
2. HBF, 
НАС СН» 3. heat HC CH, 


1-Bromo-2-fluoro- 


2-Bromo-4,6-dimethylaniline 


3,5-dimethylbenzene (60%) 


(d) In this problem, two nitrogen-containing groups of the starting material are each to be replaced by 
a halogen substituent. The task is sufficiently straightforward that it may be confronted directly. 


Replace amino group by bromine: 


МН; 


à | CH; 


NO2 


2-Methyl-4-nitro-1- 
naphthylamine 


Reduce nitro group to amine: 
Br 
CH3 
О; 


1. Fe, HCI 
2.HO^ 


N 


1-Bromo-2-methyl- 
4-nitronaphthalene 


Replace amino group by fluorine: 


Br 
е . „СНа 
NH; 


4-Bromo-3-methyl- 
| -naphthylamine 


1. NaNO», НСІ, 
H50, 0-5°С 

2. HBF4 

3. heat 


А Вг 
CH3 
1. NaNO;, HBr, НО 
2, CuBr 
NO, 


1-Bromo-2-methyl-4- 
nitronaphthalene (82%) 


B 


r 
ar 
2 


NH 


4-Bromo-3-methyl- 
1-naphthylamine 


Br 


F 


1-Bromo-4-fluoro-2- 
methylnaphthalene 
(64%) 
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(e) Bromination of the starting material will introduce the bromine substituent at tbe correct position, that 


is, ortho to the tert-butyl group. 


C(CH3)3 C(CH3)3 


Br 
Bro, Fe 
ha g 


NO; NO; 


p-tert-Butylnitrobenzene 2-Bromo-|-fert- 
butyl-4-nitrobenzene 


The desired product will be obtained if the nitro group can be removed. This is achieved by its 
conversion to the corresponding amine, followed by reductive deamination. 


C(CH3)5 w ce 
Br 
_ aN Ni 1. 1. МаМО», H* H* 
(or (or other appropriate appropriate Z. HPO © H3PO5 
reducing agent) 

МО; 
2-Bromo-1-fert- 3-Bromo-4-fert- 0-Bromo-tert- 
butyl-4-nitrobenzene butylaniline butylbenzene 


(f) The proper orientation of the chlorine substituent can be achieved only if it is introduced after the nitro 


group is reduced. 


C(CH3)3 C(CH3)3 C(CH3); C(CH3)3 
СІ _ Rel : 4 
NH; NH; NO; 


The correct sequence of reactions to carry out this synthesis is shown. 


C(CH3) C(CH3)3 C(CH3)3 C(CH3)3 
Н», Ni acetic anhydride Cl» 
Cl 
КО; NH; NHCCHs NHCCH; 
-p-tert--- p-tert- p-tert-—- ovens A tert-Butyl-2- 


Butylnitrobenzene Butylaniline Butylacetanilide chloroacetanilide 
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Hydrolysis to remove the acetyl group followed by reductive deamination completes the synthesis. 


C(CH3) C(CH3)3 C(CH3)3 
H20, НО” 1. NaNO», Ht 
2. НРО; 
а а а 
NHCCH; NH, 
о 

| 4-tert-Butyl-2- 4-tert-Butyl-2- m-tert-Butylchlorobenzene 
chloroacetanilide chloroaniline 


(g) The orientation of substituents in the target molecule can be achieved by using an amino group to control 
the regiochemistry of bromination, then removing it by reductive deamination. 


NH; NH; 
UUOY Br "У Вг CH3CH; 
CH;CH; CHCH; CHCH; 


The amino group is introduced in the standard fashion by nitration of an arene followed by reduction. 
This analysis leads to the synthesis shown. 


N О» МН» 
CH3CH2 CH3CH2 CH3CH; 
NOs | ным _ 
16 ethanol 
CH;CH4 CH5CH4 CH,CH3 
m-DiethyIbenzene 2,4-Diethyl-1-nitrobenzene 2,4-Diethylaniline 
(75-80%) (80-90%) 
Br 
NH; 
CH4CH; Br CHCH, Br 
at NaNO», H*, 0 
2. H3PO5 
CH;CH; CHCH; 
1-Bromo-3,5- 2-Bronio-4,6- 


diethylbenzene (7096) diethylaniline (4096) 


CHAPTER 21: Amines 677 


(А) In this exercise, the two nitrogen substituents are differentiated; one is an amino nitrogen, the other an 
amide nitrogen. By keeping them differentiated, they can be manipulated independently. Remove one 
amino group completely before deprotecting the other. 


CF; О CF; о 
NHCCH; NHCCH; 
i. NaNO;, H*, H;O 
2, H3PO; 
Нм Вг Br 
4-Amino-2-bromo-6- 2-Bromo-6-(trifluoromethyl)- 
(trifluoromethyljacetanitide acetanilide (92%) 


Once the acetyl group has been removed by hydrolysis, the molecule is ready for introduction of the iodo 
substituent by way of a diazonium salt. 


CF; о CF; CF; 
NHCCH3 1, HCI, H,0 NH2 1. NaNO», I 
heat HCI, HO 
2. HOT 2. KI 
Br Br Br 
2-Bromo-6-(trifluoromethyl)- 2-Bromo-6-(trifluoromethyl)- 1-Bromo-2-iodo-3- 
acetanilide aniline (69%) (trifluoromethy!)benzene 
| (87%) 


(i) To convert the designated starting material to the indicated product, both the nitro group and the ester 
function must be reduced and a carbon-nitrogen bond must be formed. Converting the starting material to 
an amide gives the necessary carbon-nitrogen bond and has the advantage that amides can be reduced to 
amines by lithtum aluminum hydride. The amide can be formed intramolecularly by reducing the nitro 
group to an amine, then heating to cause cyclization. 


О T 
i | 
CH;COCH; CH;COCH; NH | 
CHO ON CHO НМ сњд "5 
Е LiAIH, 
2. H9O 
NH 
CY 
CH30 


This synthesis is the one described in the chemical literature. Other routes are also possible, but tbe one 
shown is short and efficient. 


678 CHAPTER 21: Amines 


21.49 The synthesis requires two steps. In the first step, N-potassiophthalimide reacts with the alkyl halide 
1-bromo-2-(2-bromoethyl)benzene in ап 5,2 reaction. The bromine on the ary] ring does not react, and over 


alkylation of the nitrogen does not occur in the Gabriel synthesis. 


О О 
Вг 
ОК“ + Сү RSS [X № 
Br 
О њ О 


N-Potassiophthalimide 1-Bromo-2-(2-bromoethyl)- 
benzene 
Compound A 


In the second step, the phthalimide group is cleaved by treatment with hydrazine to give the final product. 


о 
NH, 
Br 
Br о 


2-Q-Bromophenyl)- 
ethanamine 


21.50 Weakly basic nucleophiles react with œ B-unsaturated carbonyl compounds by conjugate addition. 


il i 
HY: + R;C-—CHCR' RICCH;CR' 


Y 


Ammonia and its derivatives are very prone to react in this way; thus, conjugate addition provides a method 
for the preparation of B-amino carbonyl compounds. 


i 
(а) (CH3),C=CHCCH, + NH, 


|| 
(CH3);/CCH;CCHs 
NH; 
4-Methyl-3-penten-2-one Ammonia 4-Amino-4-methy!-2- 


pentanone (63-70%) 


(b) {у= + HN \_— О 
C) 


2-Cyelohexenone Piperidine 3-Piperidinocyclohexanone (45%) 
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|| / N || 
(с) сенсснеснсвне + HN О CsHsCCH2CHC,Hs 
Mua | 
© 
О 
1,3-Diphenyl-2- Morpholine 3-Morpholino- 1,3-diphenyl- 
propen-1-one Í-propanone (91%) 


(d) The conjugate addition reaction that takes place in this case is an intramolecular one and occurs in 
virtually 10046 yield. 


CH34CH 
О ( i 2)4СНЗз о 
H 
МН, bu H 
———* N CH>),CH 
CH; (CH2)4CH3 
CH; 


21.51 The first step in the synthesis is the conjugate addition of methylamine to ethyl acrylate. Two sequential 
Michael additions take place. 


|| 
CH4NH; + H;C—CHCOCH;CH; 


i 
CH3NHCH;CH;COCH;CH; 


Methylamine Ethyl acrylate 
H,C=CHCO,CH,CH; 


CH3N(CH;CH;CO;CH;CH3) 


Conversion of this intermediate to the desired N-methyl-A-piperidone requires a Dieckmann cyclization 
followed by decarboxylation of the resulting B-keto ester. 


О OCH;CH; 
li / О О 
нен. O=C T 
CH3CH,0C 
mo CH2 1. NaQCH2CH; Е. НО, Но 
2.H* 2.H* 
BT 2122 CH; N 3. heat N 
| | 
| 
CH, CH; CH; 
N-Methyl-4- 


^piperidone 
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Treatment of N-methyl-4-piperidone with the Grignard reagent derived from bromobenzene gives a tertiary 
alcohol that can he dehydrated to an alkene. Hydrogenation of the alkene completes the synthesis. 


О C cH 5 О H C 6Н5 © 6 Hs 
; BS 
1. diethyl ether H* H5, Pt 
stn ———ж ње ——M—- 
* СеН5МрВг 2, H30* heat 
| у у | 
CH; CH; CH; CH; 
N-Methyl-4- Phenylmagnesium N-Methyl-4- 
piperidone bromide phenylpiperidine 
(compound A) 


21.52 An imine is formed in the first step. This is reduced to give brifentanil in the second step of the synthesis. 


CeH5CH5—N —N C&;H5CH;——N М 


Compound А Brifentanil 
(Ср РМ) 


21.53 There is no obvious reason why the dimethylamino group in 4-(N,N-dimethylamino)pyridine should be 
appreciably more basic than it is in N.N-dimethylaniline; it is the ring nitrogen of 4-(N,N- 
dimethylamino)pyridine that is more basic. Note that protonation of the ring nitrogen permits 
delocalization of the dimethylamino lone pair and dispersal of the positive charge. 


:N(CH3)2 *N(CH3)2 


Most stable protonated form of 
4-(N,N-dimethylamino)pyridine 


21.54 Only the unshared electron pair on nitrogen that is not part of the л electron cloud of the aromatic system will 
he available for protonation. Treatment of 5-methyl-y-carboline with acid will give the salt shown. 


CH CH 
a undi d ta EET | 
2 PN 
й Å 


5-Methyl-y-carboline H 
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21.55 The !H NMR spectrum of each isomer shows peaks corresponding to five aromatic protons, so compounds 
A and B each contain a monosubstituted benzene ring. Only four compounds of molecular formula СНМ“ 


meet this requirement. 
CeHsCH;NHCHs CHsNHCH2CH; СеНзСНСНз — CaHSCH;CH;NH, 
NH; 
N-Methylbenzylaminc N-Bthylaniline 1-Phenylethylamine 2-Phenylethylamine 


Neither ЇН NMR spectrum is consistent with N-methylbenzylamine, which would have two singlets due to 
the methyl and methylene groups. Likewise, the spectra are not consistent with N-ethylaniline, which would 
exhibit the characteristic triplet—-quartet pattern of an ethyl group. Although a quartet occurs in the spectrum 
of compound A, it corresponds to only one proton, not the two that an ethyl group requires. The one-proton 
quartet in compound A arises from an H—C— CH, unit. Compound A is 1-phenylethylamine. 


cu Doublet (ô 1.2) 
кй ж Singlet (8 1.3) 
H 

Quartet (6 3.9) 


Compound B has an ЇН NMR spectruw that fits 2-phenylethylamine. 


Singlet (8 1.0) 
CoHsCH2CH,NH, 
—— 


Pair of triplets 
at § 2.75 and 2,95 


21.56 Write the structural formulas for the two possible compounds given in the problem and consider how their 
ВС NMR spectra will differ from each other. Both will exhibit their CH, carbon signals at high field, but 
they differ in the positions of their CH, and quaternary carbons. A carbon bonded to nitrogen is more 


shielded than one bonded to oxygen, because nitrogen is less electronegative than oxygen. 


Lower field Higher field Higher field Lower field 
signal signal signal signal 
(8з CH2NH; CH CH;0H 

OH NH; 
i-Amino-2-methyl-2-propanol 2-Amino-2-methyl-1-propanol 


In one isomer, the lowest field signal is a quaternary carbon; in the other, itis a CH, group. The spectrum 
shown in text Figure 21.10 shows the lowest field signal as a CH, group. The compound is therefore 
2-amino-2-methyl-1-propanol, (CH3);CCH;OH. 

NH, 
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This compound cannot be prepared by reaction of ammonia with an epoxide, because in basic solution 
nucleophiles attack epoxides at the less hindered carbon, and therefore epoxide ring opening will give 
1-amino-2-methyl-2-propanol rather than 2-amino-2-methyl-1-propanol. 


(CH);C-CH, + МН (CH3),CCH;NHp 
02 OH 
2,2-Dimethyloxirane Ammonia 1-Amino-2-methyl-2-propanol 


ANSWERS TO INTERPRETIVE PROBLEMS 


21.57 А; 21.58 В; 21.59 D; 21.60 A; 21.61 C; 21.62 B 


SELF-TEST 


1. Give an acceptable name for each of the following. Identify each compound as a primary, secondary, 
or tertiary amine. 


СНз 
| 
(а) СОЊА (b) M (c) anes 
Br 


NH; 


2. Provide the correct structure of the reagent omitted from each of the following reactions: 


(a) СеН5СН,Вг à CsHsCH2NH2 


(b) CsH5CH2Br C 6H5CH2CH2NH, 


9 NH 
C eH. 5 C HNH; + 


1.2 
(c) CeHsCHoBr ники” NH 


3. Provide the missing component (reagent or product) for each of the following: 


NaNO;, НСІ 
(a) ==“ TUO * ? 


(b) Product of part (a) OB 7 


(c) Product of part (a) ——ÓL- toluene 
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О 
i 
(d) uS an нс—{_}у—ннси, 


NHCCH, 


_HNO; ||, 
"USOS 
CH;CH; 


NaNO}, HCl, H0. НСІ, HLO 


N(CH3)2 


Le cg, MNOHO , 


4. Provide structures for compounds A through E in the following reaction sequences: 


? 


CH; 
СН; 
(а) A -= B a> C —©=© ._ pH C-CHCH;CH;NCH;CH; 


О 
NaBH;CN NaNO>, НСІ 
) P ОН СНМ оон” Degg. № 


5. Give the series of reaction steps involved in the following synthetic conversions: 


C(CH3); 


from benzene 


(b) m-Chloroaniline from benzene 


(c) UST from aniline 


6. p-Nitroaniline (A) is less basic than m-nitroaniline (B). Using resonance structures, explain the reason 
for this difference. 


NH, NH; 


NO; 
NO; 
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7. Identify the strongest and weakest bases among the following: 


i f i 
N М М 
МН О 
ON 


A B C D 


8. Write the structures of the compounds A-D formed in the following reaction sequence: 


О 
I (СНз ССІ но, HCI Ch 1, NaNO, НСІ 
Se —R——— Еви SO 
=“ АСВ А heat B (2 mol) C 2. CuBr D 


CHAPTER 22 


Phenols 


SOLUTIONS TO TEXT PROBLEMS 


22.1 (b) A benzyl group (СеН СНо—) is ortho to the phenolic hydroxyl group in o-benzyiphenol. 
OH 
СНС; 


(c) Naphthalene is numbered as shown. 3-Nitro-1-naphthol has a hydroxyl group at C-1 and a nitro 
group at C-3. 


OH 


~ 
[Ж] 


E 1 NO; 


Naphthalene 3-Nitro-1-naphthol 


22.2 Intramolecular hydrogen bonding between the hydroxyl group and the ester carbonyl can occur when these 
groups are ortho to each other. 


Methyl salicylate 


Intramolecular hydrogen bonds form at the expense of intermolecular ones, and intramolecularly hydrogen- 
bonded phenols have lower boiling points than isomers in which only intermolecular hydrogen bonding 
is possible. 


685 
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22.3 (b) Acyano group withdraws electrons from the ring by resonance. A p-cyano substituent is conjugated 
directly with the negatively charged oxygen and stabilizes the anion more than does а т-суапо 
substituent. 


E M. c£ Q-( усн 


p-Cyanophenol is slightly more acidic than m-cyanophenol, the pK, values being 8.0 and 8.5, 


respectively. 
(c) The electron-withdrawing inductive effect of fluorine will be more pronounced at the ortho position than 
at the para. o-Fluorophenol (pK, = 8.7) is a stronger acid than p-fluorophenol (pK, = 9.9). 


22.4 The text points out that the reaction proceeds hy the addition—elimination mechanism of nucleophilic aromatic 
substitution. Under the strongly basic conditions of the reaction, p-toluenesulfonic acid is first converted to 


its anion. 
O О 
| ~ S lo. 
ЊЕ $-0-H + "DH Н.С 5—07 + HOH 
О о 
p-Toluenesulfonic acid Hydroxide p- Toluenesulfonate ion Water 


ion 


Nucleophilic addition of hydroxide ion gives a cyclohexadienyl anion intermediate. 


v eC \ „он 
ЕС 504 + ОН ЊС = 
SO4 


p-Toluenesulfonate ion Hydroxide Cyclohexadienyl anion 


Loss of sulfite ion (80427) gives p-cresol. 


\ LOH А 
H3C _ H3C OH + 5037 ы 
(S03 
Cyclohexadienyl anion p-Cresol Sulfite 


It is also possible that the elimination stage of the reaction proceeds as follows: 


H 
д H 
OH ојн“ À .. 
H3C _ + H,0 H3C + ОН 
SO4 (80+ ee 


Cyclohexadienyl anion 
intermediate 


p-Methylphenoxide ion 
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22.5 Under strongly basic solution, benzyne is formed. This intermediate reacts with base and then water to give 
the phenoxide. Phenoxide is protonated under acidic conditions to give phenol. 


Cà: 


ec + ЛОН Q + HO? + Е 
Het ose 


Chlorobenzene Benzync 
wp н 
=) xus. : H--OH ET 
Г + 30H — о —— + 30H 
—— б-н б-н 
Benzyne 
H H H 
CY + dH CY вю". СТ 
пао 0: Ü—H 
Phenoxide Phenol 


22.6 (b) The reaction is Friedel-Crafts alkylation. Proton transfer from sulfuric acid to 2-methylpropene gives 
tert-butyl cation. Because the position para to the hydroxyl substituent already bears a bromine, the 
tert-butyl cation attacks the ring at the position ortho to the hydroxyl. 


OH OH 
CH; (CH3)3C CH; 
H250. 
+ (CH3),C= СН» Mr 
Br Br 
А-Вгото-2- 2-Methylpropene 4-Bromo-2-tert-butyl- 
те ујрћело] 6-methylphenol 


(isolated yield, 70%) 


(c) Acidification of sodium nitrite produces nitrous acid, which nitrosates the strongly activated aromatic 
ring of phenols. 


OH OH 
CH(CH3)2 CH(CH3)2 
NaNO, 
HCl, H,0 
Н.С НС 
Nao 
2-Isopropyl-5-methylphenol 2-Isopropyl-5-methyl-4-nitrosophenol 


(isolated yield, 87%) 
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(d) Friedel—Crafts acylation occurs ortho to the hydroxyl group. 


OH OH | 


CCH;CH; 


i 
+ сњењса 03: 


CH; CH; 
p-Cresol Propanoyl 1-(2-Hydroxy-5-methylpheny?- 
chloride 1-propanone (isolated yield, 87%) 


22.7 (b) The hydroxyl group of 2-naphthol is converted to the corresponding acetate ester. 


О 
i 
OH 99 OCCH; Q 
+ CH,CoCcH, SHE + CH;CONa 


2-Naphthol Acetic anhydride 2-Naphthyl acetate Sodium acetate 


(c) Benzoyl chloride acylates the hydroxyl group of phenol. 


if it 
OH са! == \ 
Phenol Benzoyl chloride Phenyl benzoate Hydrogen 


chloride 


22.8 (b) Anucleophilic substitution between the oxygen on the aryl ring and an alkyl halide, a Williamson 
synthesis, will give the desired compound. Aryl oxygen bond formation is difficult for aryl halides that 
do not contain electron-withdrawing groups (see Section 12.20). 


О | О 
i | i 
CH4CNH O--CH;CO;CH,CH, > CH3;CNH OH 


+ Br—CH,CO,CH2CH; 
This reaction can be carried out under mild basic conditions. 


О 


|| КСО; 
E BrCH;CO;CH;CH; 
if 
снбун—{ _ )—о—снсоснуси, 
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(c) A nucleophilic substitution between the oxygen on the aryl ring and an alkyl halide, a Williamson 
synthesis, will give the desired compound. Aryl oxygen bond formation is difficult for aryl halides that 
do not contain electron-withdrawing groups (see Section 12.20). 


CH, 
| ыш 
О-СН>СН®ОСНз), с> oe 


+  BrCH3CH(OCH3), 


CH; 


This reaction is similar to parts (a) and (5). It also can be carried out under mild basic conditions. 
CH; CH; 


косо; " 
OH "yicncHOCH;); O—CH;CH(OCH3); 


22.9 The aryl halide must be one that is reactive toward nucleophilic aromatic substitution by the 
addition-elimination mechanism. p-Fluoronitrobenzene is far more reactive than fluorobenzene. 
The reaction shown yields p-nitrophenyl phenyl ether in 92% yield. 


ВЕ + e № ERI. € So Sr, 


Sodium p-Ftuoronitrobenzene p-Nitropheny! phenyl ether 
phenoxide 


22.10 Allylic resonance involves both double bonds in the alkyl chain. 


О О 
Membrane ee ГМ (Membrane). A L en Y 
p, 
С | 
(СН>)зСНз ‘(CH2)3CH3 
жыш i шш 
Membrane Membrane. ^ 
em raneh y \(CHy) ^N Membrane 6 Paes 7 У 
Z5 <> 


c 


4. 


(CH2)3CH3 * S(CH3)3CH3 
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22.1 A hydrogen atom is abstracted from the oxygen. 


ug X AES :0' 
(CH3)3C C(CH3)3 T (CH3)3C C(CH3)3 


+ RH 


CH; CH; 
BHT 


The radical is stable because of the steric hindrance provided by the adjacent tert-butyl groups and the 
resonance stabilization of the aromatic ring. 


:0» :0 
(CH34C > C(CH3)s (СНС Een 
чч» АЭ ча ^ 
~ 
СН; CH3 


:0 :0 
(CH3)3C C(CH3)3 (CH3)3C C(CH3)3 
É —> 
б 
CH; CH; 


22.12 Substituted allyl aryl ethers undergo a Claisen rearrangement similar to the reaction described 
in text Section 22.13 for ally] phenyl ether. 2-Butenyl phenyl ether rearranges on heating to 
give o-(1-methyl-2-propenyl)phenol. 


O OH 
FJG rearrangement enolization 
2 
2-Buteny! phenyl 0-(1-Methyl-2-propenyl)phenol 


ether 


22.13 (a) The parent compound is benzaldehyde. Vanillin bears a methoxy group (CH4O) at C-3 and a 
hydroxy! group (HO) at C-4. 


Vanillin 
(4-hydroxy-3-methoxybenzaldehyde) 
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(5, c) Thymol and carvacrol differ with respect to the position of the hydroxyl group. 


CH; СН» 
5 HO 2 
6 4 3 
3 6 4 
HO 5 5 
CH(CH3); CH(CH3); 
Thymol Carvacro] 


(2-isopropyl-5-methylphenol) (5-isopropyl-2-methylphenol) 
(d) An allyl substituent is —CH;CH-—CH;. 
OH 


CH;CH—CH; 


Eugenol 
(4-allyl-2-methoxyphenol) 


(e) Benzoic acid is СеН;СО,Н. Gallic acid bears three hydroxyl groups, located at C-3, C-4, and C-5. 
CO;H 


OH 


Gallic acid 
(3,4,5-trihydroxybenzoic acid) 


(f) Benzyl alcohol is CCH;CHOH. Salicyl alcohol bears a hydroxy! group at the ortho position. 


CH;OH 
OH 


Salicyl alcohol 
(o-hydroxybenzyl alcohol) 


22.14 (a) The compound is named as a derivative of phenol. The substituents (ethyl and nitro) are cited in 
alphabetical order with numbers assigned in the direction that gives the lowest number at the first 
point of difference. 


` CH;CH; 
NO; 


3-Ethyl-4-nitrophenol 
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(b) An isomer of the compound in part (a) is 4-ethyl-3-nitrophenol. 


CH;CH; 
4-Ethyl-3-nitrophenol 


(c) The parent compound is phenol. It bears, in alphabetical order, a benzyl group at C-4 and a 
chlorine at C-2. 


4-Benzyl-2-chlorophenol 


(d) This compound is named as a derivative of anisole, CCH;OCH,. Because multiplicative prefixes 
(di-, tri-, étc.) are not considered when alphabetizing substituents, isopropyl precedes dimethyl. 


OCH; 


CH(CH3)2 


4-Isopropyl-2,6- 
dimethylanisole 


(e) The compound is an aryl ester of trichloroacetic acid. The aryl group is 2,5-dichlorophenyl. 


2,5-Dichlorophenyl 
trichloroacetate 


22.15 (a) The reaction is an acid-base reaction. Phenol is the acid; sodium hydroxide is the base. 


(У + NaOH ( \-one + HO 


Phenol Sodium Sodium phenoxide Water 
(stronger acid) hydroxide (weaker base) (weaker acid) : 
(stronger base) 
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(b) Sodium phenoxide reacts with ethyl bromide to yield ethyl phenyl ether in a Williamson reaction. 
Phenoxide ion acts as a nucleophile. 


СеН;ОМа + CH4CHjBr C&H,OCH;CH, + NaBr 


Sodium Ethyl bromide Ethyl phenyl ether Sodium 
phenoxide bromide 


(c) p-Toluenesulfonates behave much like alkyl halides in nucleophilic substitutions. Phenoxide ion 
displaces p-toluenesulfonate from the primary carbon. 


О О 


li | 

CsHsONa + сњсњсњсню! си, СЕНОСЊСЊЕСЊСНз + noi Sen 
О О 

Sodium Buty! p-toluenesulfonate Butyl phenyl ether Sodium p-toluenesulfonate 


phenoxide 


(d) Acid anhydrides react with phenoxide anions to yield aryl esters. 


i i 
СеН;ОССН; + CH;CONa 


ili 
С;Н;ОМа + CH4COCCH; 


Sodium Acetic anhydride Phenyl acetate Sodium 
phenoxide acetate 


(e) Acyl chlorides convert phenols to aryl esters. 


(Ha i 
OH CCl i 
RI јен 
CH; 
o-Cresol Benzoyl chloride 2-Methylphenyl benzoate Hydrogen 
chloride 
(f) Phenols react as nucleophiles toward epoxides. 
CH3 Н.С 
+ MeT Ha OCH CHOH 
OH 
m-Cresol Ethylene oxide 2-(3-Methylphenoxy)ethanol 


The reaction as written conforms to the requirements of the problem that a balanced equation be written. 
"Of course; the reaction will be much faster if catalyzed by acid or base; but the catalysts do not enter 
into the equation representing the overall process. 
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(g) Bromination of the aromatic ring of 2,6-dichlorophenol occurs para to the hydroxy group. The more 
activating group (—OH) determines the orientation of the product. 


OH OH 
а с Cl Cl 
+ Brn <a + HBr 
Br 
2,6-Dichlorophenol Bromine 4-Bromo-2,6- Hydrogen 


dichlorophenol bromide 


(h) In aqueous solution, bromination occurs at all the open positions that are ortho and para to the 


hydroxyl group. 
OH OH 
Br Br 
HO 

+ 2Br 2 + 2HBr 

CH; CH3 
p-Cresol Bromine 2,6-Dibromo-4- Hydrogen 
methylphenol bromide 


(i) Hydrogen bromide cleaves ethers to give an alkyl halide and a phenol. 


Е + He â ( он + (CH;),CHBr 


Isopropyl phenyl ether Hydrogen Phenol Isopropy! 
bromide bromide 
22.16 (a) Strongly electron-withdrawing groups, particularly those such as —NO.,, increase the acidity of 


phenols by resonance stabilization of the resulting phenoxide anion. Electron-releasing substituents 
such as — CH, exert a very small acid-weakening effect. 


OH OH 
ON NO; HC CH; 
NO; CH3 
2,4,6-Trinitrophenol, 2,4,6-Trimethy! phenol, 
more acidic less acidic 
(pK, = 0.4) (pK, = 10.9) 


2,4,6-Trinitropbenol, also known as picric acid, is a stronger acid by far than 2,4,6-trimethyiphenol. 
All three nitro groups participate in resonance stabilization of the picrate anion. 
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ZN ANI 

07 со" Oo СО 
оо о б о о 
И Па il? il, 
N Ny NE N, 

-o' on o D о" 
С 
ont Эм 
07 `o "or OR 


(b) Stabilization of a pbenoxide anion is most effective when electron-withdrawing groups are 


present at the ortho and para positions because these carbons bear most of the negative charge 


in phenoxide anion. 


:05 О О 
Q a 


о 


2,6-Dichlorophenol is therefore expected to be (and is) a stronger acid than 3,5-dichlorophenol. 


OH OH 
у i 
Cl CI 


2,6-Dichlorophenol, more acidic — 3,5-Dichlorophenol, less acidic 
(pK, = 6.8) (pK, = 8.2) 


(c) The same principle is at work here as in part (b). A nitro group para to the phenol oxygen is 
directly conjugated to it and stabilizes the anion better than one at the meta position. 


OH OH 
| | МО» 
МО» 


4-Nitrophenol, stronger acid — 3-Nitrophenol, weaker acid 
(pK, = 7.2) (pK, = 8.4) 
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(d) Acyano group is strongly electron-withdrawing, and so 4-cyanophenol is a stronger acid than phenol. 


OH OH 


CN 


4-Cyanophenol, more acidic Phenol, less acidic 
(pK, = 8.0) (pK, = 10) 


There is resonance stabilization of the 4-cyanophenoxide anion. 


(Уеа === 


(e) The 5-nitro group in 2,5-dinitrophenol is meta to the hydroxyl group and so does not stabilize the 
resulting anion as much as does an ortho or a para nitro group. 


OH OH 
“С NO; у“ 
O;N 


2,6-Dinitrophenol, more acidic — 2,5-Dinitrophenol, less acidic 
(pK, = 3.7) (pK, = 5.2) 


22.17 (a) The rate-determining step of ester hydrolysis in hasic solution is formation of the tetrahedral 


intermediate. 
05 Oo 
|| NS slow | 
АТОССНа + HO: ОСЕ 
p. OH 


Because this intermediate is negatively charged, there will be a small effect favoring its formation when 
the aryl group bears an electron-withdrawing substituent. Furthermore, this intermediate can either return 
to starting materials or proceed to products. 


i5 
ArÓ-- CCH; 


OH 


|| HO- 


li 
ArO + CH4COH ArO + СЊСО 


The proportion of the tetrahedral intermediate that goes on to products increases as the leaving group 
ArO- becomes less basic. This is strongly affected by substituents; electron-withdrawing groups stabilize 
ArO-. The prediction is that m-nitrophenyl acetate undergoes hydrolysis in basic solution faster than 
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phenol. Indeed, this is observed to be the case; m-nitrophenyl acetate reacts some ten times faster than 
does phenyl acetate at 25°C, 


i i 
OCCH; + HO O + СЊСО 
ON ON 
m-Nitropheny! acetate m-Nitrophenoxide anion 
(more reactive) (a better leaving group 


than phenoxide because 
it is less basic) 


(b) The same principle applies here as in part (a). p-Nilropheny] acetate reacts faster than m-nitrophenyl 


(c) 


(d) 


acetate (by about 45%) largely because p-nitrophenoxide is less basic and thus a better leaving group 
than m-nitrophenoxide. 


Resonance in p-nitrophenoxide is particularly effective because the p-nitro group is directly conjugated 
to the oxyanion; direct conjugation of these groups is absent in m-nitrophenoxide. 


The reaction of ethyl bromide with a phenol is an 5,2 reaction in which the oxygen of the phenol is the 


nucleophile. The reaction is much faster with sodium phenoxide than with phenol because an anion is 
more nucleophilic than a corresponding neutral molecule. 


Faster reaction: 


CH; 
Ls 


„кее! 
А: CHBr 


АТОСЊСНУ + Br 


Slower reaction: 


CH; 

ee ^l e's Б = 

MO СН; Вг МООН ЕНУ + Br 
H H 


The answer here also depends on the nucleophilicity of the attacking species, which is a phenoxide anion 
in both reactions. 


ArOCH;CH;O- 


The more nucleophilic anion is phenoxide ion, because it is more basic than p-nitrophenoxide. 


More basic; Better delocalization of negative 
better nucleophile charge makes this less 
basic and less nucleophilic. 


Rate measurements reveal that sodium phenoxide reacts 17 times faster with ethylene oxide 
(in ethanol at 70°C) than does its p-nitro derivative. 
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(e) This reaction is electrophilic aromatic substitution. Because a hydroxy substituent is more activating than 
an acetate group, phenol undergoes bromination faster than does phenyl acetate. 


Resonance involving ester group reduces 
tendency of oxygen to donate electrons to ring. 


22.18 Nucleophilic aromatic substitution by the elimination-addition mechanism is impossible, owing to the 
absence of any protons that might be abstracted from the substrate. The addition-elimination pathway 
is available, however. 


E F F F 
1 b Е 
F в + HO 9% F O ЕД p OH + F^ 
^ OH 
F F F F 
Hexafluorobenzene Pentafluorophenol 


This pathway is favorable because the cyclohexadienyl anion intermediate formed in the rate-determining 
step is stabilized by the electron-withdrawing inductive effect of its fluorine substituents. 


22.19 (a) Allyl bromide is a reactive alkylating agent and converts the free hydroxyl group of the aryl compound 
(a natural product known as guaiacol) to its corresponding allyl ether. 


OH OCH;CH-CH, 
EE + H,C-CHCHgBr 92 Cx 
OCH; OCH; 


Guaiacol АПУ! bromide 2-Allyloxyanisole (80-90%) 


(b) Sodium pbenoxide acts as a nucleophile in this reaction and is converted to an ether. 


ONa OCH;CHCH;OH 
CY * CICH;CHCH;OR CY OH 
OH 


Sodium 3-Chloro-1,2- 3-Phenoxy-1,2- 
phenoxide propanediol propanediol (61-63%) 


(c) Orientation in nitration is governed by the most activating substituent, in this case the hydroxyl group. 


т i 
CH ON CH 
HNO; 
acetic acid, heat 
HO HO 
OCH; OCH; 
Vanillin 4-Hydroxy-3-methoxy-5- 


nitrobenzaldehyde (83%) 
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(d) Allyl aryl ethers undergo a Claisen rearrangement on heating. Heating p-acetamidophenyl ailyl ether 
gave an 83% yield of 4-acetamido-2-allylphenol. 


О О 
i | 
cern )- OCH;CH—CH; heat CH,CNH OH 


CH;CH—CH; 


p-Acetamidophenyf allyl ether 4-Acetamido-2-allyIphenol 


(e) The hydroxy! group, as the most activating substituent, controls the orientation of electrophilic aromatic 
substitution. Bromination takes place ortho to the hydroxyl group. 


OH OH 
OCH;CH; Br OCH;CH; 
d Br acetic acid 
NO; NO; 
2-Ethoxy-4- 2-Bromo-6-ethoxy-4- 
nitrophenol nitrophenol (65%) 


(f) Oxidation of hydroquinone derivatives (p-dihydroxybenzenes) with Cr(V1) reagents is a method for 
preparing quinones. 


OH О 
Cl СІ 
K5Cr20; 
504 
OH О 


2-Chloro-1,4- 2-Chloro-1,4- 
benzenediol benzoquinone (88%) 


(g) Arylesters undergo a reaction known as the Fries rearrangement on being treated with aluminum 
chloride, which converts them to acyl phenols. Acylation takes place para to the hydroxyl in this case. 


CH. о CH; 
OCCH3 OH 
МС 
сње 
CH(CH3); О СНС 
5-Isopropyl-2- 4-Hydrox y-2-isopropyl- 
methyIphenyT acetate 3-methylacetophenone 


(90%) 
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(ћу Nucleophilic aromatic substitution takes place to yield a diary] ether. The nucleophile is the 
phenoxide ion derived from 2,6-dimethylphenol. 


OH Cl CH; 
НС CH; 
| eC of Se, 


2,6-Dimethylphenol p-Chioronitrobenzene 2,6-Dimethylphenyl p-nitrophenyl 
ether (82%) 


(i Chlorination with excess chlorine occurs at all available positions that are ortho and para to the 


hydroxyl group. 
Cl CI 
OH OH 
+ 2Ch acetic acid + 2HCl 
CI СІ 
СІ а 
2,5-Dichlorophenol Chlorine 2,3,4,6- Tetrachlorophenol Hydrogen 

(isolated yield, 100%) chloride 


G} Amines react with esters to give amides. In the case of a phenyl ester, phenol is the leaving group. 


OH 
CH; OH OH 
CQ CE а о 
О + 
NH; c^ d 
О о HC 


o-Methylaniline Phenyl salicylate N-(o-Methy!pheny)salicylamide Phenol 
(isolated yield, 73-77%) 


(k) Aryl diazonium salts attack electron-rich aromatic rings, such as those of phenols, to give the products of 
electrophilic aromatic substitution. 


OH OH 
а C&HgN——N а 
+ CcHsN==N cr 
Cl а 
Ci Cl 
2,4,5-Trichlorophenol Benzenediazonium 2-Benzeneazo-3,4,6-trichlorophenol 
chloride (80%) 


22.20 In the first step, p-nitrophenol is alkylated on its phenolic oxygen with ethyl bromide. 


on \—on + CH,CHBr —H9- ом-( осмон 


p-Nitrophenol Ethyl bromide Ethy! p-nitrophenyl ether 
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Reduction of the nitro group gives the corresponding arylamine. 


on У остьси, TIS. ыч—{_`у—осьсь 


Ethyl p-nitrophenyl ether p-Ethoxyaniline 


Treatment of p-ethoxyaniline with acetic anhydride gives phenacetin. 


оо [e 
i i i 
нл—{ освен, + CH;COCCH; сийкн—{ _`у—оснсв, 


p-Ethoxyaniline Acetic anhydride p-Ethoxyacetanilide 
(phenaectin) 


22.21 The three parts of this problem make up the series of steps by which o-bromophenol is prepared. 


(a) Because direct bromination of phenol yields both o-bromophenol and p-bromophenol, it is essential that 
the para position be blocked prior to the bromination step. In practice, what is done is to disulfonate 
phenol, which blocks the para and one of the ortho positions. 


OH OH 
SOH 
4 298 О, heat 
SO3H 
Phenol 4-Hydroxy-1,3- 


benzenedisulfonic 
acid (compound À) 


(b) Bromination then can be accomplished cleanly at the open position ortho to the hydroxyl group. 


OH OH 
SO4H Br SO3H 
1. НО" 
+ By срне 
SO4H SO3H 
Compound A 5-Bromo-4-hydroxy-1,3- 


benzenedisulfonic acid 
(compound B) 


(c) After bromination, the sulfonic acid groups are removed by acid-catalyzed hydrolysis. 


OH -OH 
Br SO4H Br 
H* 
+ НО heat 
SO3H 
Compound B o-Bromophenol 


(compound C) 
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22.22 Nitration of 3,5-dimethylphenol gives a mixture of the 2-nitro and 4-nitro derivatives. 


OH OH OH 
NO; 

HNO; 

H,O T 

HC CH3 НС CH, ЫС СН; 
NO, 
3,5-DimethyIphenol 3,5-Dimethyl-2- 3,5-Dimethyl-4- 
nitrophenol nitrophenol 


The more volatile compound (compound A), isolated by steam distillation, is the 2-nitro derivative. 
intramolecular hydrogen bonding is possible between the nitro group and the hydroxyl group. 


AA 
О o 
x 
М *o 
H4C CH; 


Intramolecular hydrogen bonding 
in 3,5-dimethyl-2-nitrophenol 


The 4-nitro derivative participates in intermolecular hydrogen bonds and has a much higher boiling point; 
itis compound B. 


22.23 The relationship between the target molecule and the starting materials tells us that two processes are 
required, forination of a diaryl ether linkage and nitration of an aromatic ring. The proper order of carrying 
out these two separate processes is what needs to be considered. 


cmo мо, [15 СН;ОН + a Suo, [> са 


The critical step is ether formation, a step that is feasible for the reactants shown: 


Phenol p-Chloronitrobenzene 4-Nitrophenyl phenyl ether 


The reason this reaction is suitable is that it involves nucleophilic aromatic substitution by the 
addition-elimination mechanism on a p-nitro-suhstituted aryl halide. Indeed, this reaction has been carried 
out and gives an 80-82% yield. A reasonable synthesis would therefore begin with the preparation of 
p-chloronitrobenzene. 


а Cl Cl 


HNO; 
H2504 


NO; 


Chlorobenzene o-Chloronitrobenzene p-Chloronitrobenzene 
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Separation of the p-nitro-substituted aryl halide and reaction with phenoxide ion complete the synthesis. 
The following alternative route is less satisfactory: 


ЕТ А (а EIN € S-o¢ у 


Phenol Chlorobenzene Diphenyl ether 
HNO; 
ON 
Diphenyl ether 2-Nitrophenyl phenyl ether 4-Nitrophenyl phenyl ether 


The difficulty with this route concerns the preparation of diphenyl ether. Direct reaction of phenoxide ion 
with chlorobenzene is very slow and requires high temperatures because chlorobenzene is a poor substrate 
for nucleophilic substitution. 

A third route is also unsatisfactory because it, too, requires nucleophilic substitution on chlorobenzene. 


OH OH OH 
NO, 
HNO, 
БЕ. beak Bra + 
NO; 
Phenol o-Nitrophenol p-Nitrophenol 
OH Cl 
NO; 
p-Nitrophenol Chiorobenzene 4-Nitrophenyl phenyl ether 


22.24 The overall transformation that ueeds to be accomplished is 


СНзО НО 
ОСНз di 
са (СН) СНз 
O 
2,3-Dimethoxybenzaldehyde 3-Pentadecylcatechol 


A reasonable place to begin is with the attachment of the side chain. The aldehyde function allows for chain 
extension by a Wittig reaction. 


704 CHAPTER 22: Phenols 


О 
| = 
Ar— CH;CH;R > Ar—CH=CHR ae Ar—CH + (Сену): ЕНЕ 


CH;0 CH;0 
OCH; _ OCH; 
+ CH4(CH)iCH—P(C4H3); 
CH i СН=СН(СН) СН; 
О 


2,3-Dimethoxybenzaldehyde 


Hydrogenation of the double bond and hydrogen halide cleavage of the ether functions complete the 


synthesis. 
CH30 CH;0 HO 
OCH, OCH; OH 
н; НВг 
Pt heat 
CH=CH(CH)),2CH; CH;CH;(CH2)45CH4 CH;CH;(CH2?)i2CH5 


3-Pentadecylcatechol 


Other synthetic routes are of course possible. One of the earliest approaches used a Grignard reaction to 
attach the side chain. 


CH30 CH30 
OCH; OCH; 
+ СНАСНОрСНМаВг 29091 ete, r ether 
CH CHCHXCH21;CHs 
O OH 


2,3-Dimethoxybenzaldehyde 


The resulting secondary alcohol can then be dehydrated to the same alkene intermediate prepared in the 
preceding synthetic scheme. 


СНО CH30 
ОСН; OCH, 
Н 
CHCHXCH2)1CHs CH-—CH(CH;);2CHs 
OH 


Again, hydrogenation of the double bond and ether cleavage lead to the desired 3-pentadecylcatechol. 


22.25 Epoxides are sensitive to nucleophilic ring-opening reactions. Phenoxide ion attacks the less hindered carbon 
to yield 1-phenoxy-2-propanol. 


em ч» ш 
ez HyC—cHcH, 90-80, € У-осњенсн, 
ee А / | 


О OH 


Phenoxide ion 1,2-Epoxypropane 1-Phenoxy-2-ptopanol 
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22.26 Recall that the Claisen rearrangement converts an aryl allyl ether to an ortho-substituted allyl phenol. 
The presence of an allyl substituent in the product ortho to an aryl etber thus suggests the following 


retrosynthesis: 
ОСН; OCH;CH—CH; 
CH;0. CH;CH-—CH; CH30 
H3C Н.С 
OH OCCH; 
о 


As reported in the literature synthesis, the starting phenol may be converted to the corresponding allyl ether 
by reaction with allyl bromide in the presence of base. This step was accomplished in 80% yield. Heating the 
allyl ether yields the o-allyI phenol. 


OCH;CH-CH; OH 
сњо CH4O CH4O CH,CH=CH, 
H,C= HC=CHCH Br 200°C . 
^ ко. 7 3h — 
ЮС 
OCCH; OCCH; OCCH; 
O О О 


The synthesis is completed by methylation of the phenolic oxygen and saponification of the acetate ester. 
The final three steps of the synthesis proceeded in an 82% overall yield. 
OCH; ОСН; 


CH;O CH;CH-—CH, CH;O CH CH=CH; CHjO сњен=сњ 
Сну і. KOH, 1. KOH, CH30H 
Evo oo г 
H3C 


OCCH; OCCH; 
О 


22.27 The driving force for this reaction is the stabilization that results from formation of the aromatic ring. 
A reasonable series of steps begins with protonation of the carbonyl oxygen. 


OH 


Resonance forms of protonated ketone 
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OH OH OH 
H H H H H H 
-H+ 
D H 
H ZH H H 
Protonated ketone Aromatization of this 
can rearrange by intermediate occurs 
alkyl migration. by loss of a proton. 


22.28 Bromination of p-hydroxybenzoic acid takes place in the normal fashion at both positions ortho to the 


hydroxy group. 
OH OH 
Br Br 
Вг; 
COH COH 
p-Hydroxybenzoic 3,5-Dibromo-4- 
acid hydroxybenzoic acid 


A third bromination step, this time at the para position, leads to the intermediate shown. 


OH OH 


t Br; 


COH Br СОН 


Aromatization of this intermediate occurs by decarboxylation. 
OH OH 
Br Br 
——— + CO, + H* 


Br C^ Br 


2,4,6-Tribromophenol 


22.29 Electrophilic attack of bromine on 2,4,6-tribromophenol leads to a cationic intermediate. 


OH OH 


2,4,6-Tribromophenol 
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Loss of the hydroxyl proton from this intermediate generates the observed product. 


О 


,H 
О 
"CY Br Br Br 
Br è Br 


Br Br 


2,4,4,6- Tetrabromocyclohexadienone 


22.30 A good way to approach this problem is to assume that bromine attacks the aromatic ring of the phenol in 
the usual way, that is, para to the hydroxyl group. 


4 


OH 


M" (CH3) (CH34C. C(CH3); 
UB. fo 


C(CH3)4 Br C(CH3)4 


2,4,6-Tri-fert-butylphenol 


This cation cannot yield the product of electrophilic aromatic substitution hy loss of a proton from the ring 
but can lose a proton from oxygen to give a cyclohexadienone derivative. 


О 


_ -H* 


Br ССН; ја Вг C(CH3)4 


4-Bromo-2,4,6-tri-tert- 
butyE-2,5-cyclohexadienone 
This cyclohexadienone is the compound C,gHyoBrO, and the peaks at 1655 and 1630 cm in the infrared 
are consistent with C=O and C=C stretching vibrations. The compound's symmetry is consistent with the 
observed !H NMR spectrum; two equivalent tert-butyl groups at C-2 and C-6 appear as an 18-proton singlet 


at 6 1.3, the other tert-butyl group is а 9-proton singlet at 6 1.2, and the two equivalent vinyl protons of the 
ring appear as a singlet at б 6.9. 


22.31 Because the starting material is an acetal and the reaction conditions lead to hydrolysis with the production 
of 1,2-ethanediol, a reasonable reaction course is 


О 
o= X Э OX. HOCH CHOH -+ o-—3-e И 
о” 


Compound А 1 2-Ethanediol Compound B 


Indeed, dione B satisfies the spectroscopic criteria. Carbonyl bands are seen in the infrared spectrum, 
and compound B has two sets of protons to be seen in its 'H NMR spectrum. The two vinyl protons 


are equivalent and appear at low field, д 6.7; the four methylene protons are equivalent to each other and 
are seen at 8 2.9. 
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Compound B is the doubly ketonic tautomeric form of hydroquinone, compound C, to which it 


isomerizes on standing in water. 


Compound B Compound C 
(hydroquinone) 


22.32 Compound A is the ester that is formed by O-acylation. It rearranges to the more stable C-acyl product in a 
process known as the Fries rearrangement. 


* OCH; 


CH30: : i 
CHCH; 
Compound A 


22.33 The first step is alkylation of the phenol with an alkyl halide. Step 2 is a Grignard reaction, and the product, 
compound À, is a mixture of diastereomeric alcohols. Dehydration of the alcohol gives ашо The 
product is a mixture of E and Z alkenes. Tamoxifen is the Z isomer. 


C H;CHN(CH3); 
HO О 
УСУ ма era 
(CH39NCH4CH;CI 2. H4O* 
Ó CHCH; О CHCH; 
CH2CHN(CH;)2 CH;CH;N(CH3); 
О 


О 
на "E 
- һеа{ 
С CH;CH; С CHCH; 


Compound A Tamoxifeu 
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22.34 A reasonable first step is protonation of the hydroxyl oxygen. 
es + 
:0—0H :0O— ОН 


і 
Om 


CH; CH, 


Cumene hydroperoxide 


The weak oxygen—oxygen bond can now be cleaved, with loss of water as the leaving group. 


This intermediate bears a positively charged oxygen with only six electrons in its valence shell. Like a 
carhocation, such a species is highly electrophilic, The electrophilic oxygen attacks the л system of the 
neighboring aromatic ring to give an unstable intermediate. 


DAS 
A б: 
CCH; | 

| ССН» 
CH; | 


СН» 


Ring opening of this intermediate is assisted by one of the lone pairs of oxygen and restores the aromaticity 
of the ring. 


The cation formed by ring opening is captured by a water molecule to yield the hemiacetal product. 


‘OH 
rom О 
HH 


22.35 The first step is a Baeyer—Villiger reaction using trifluoroacetic acid. Migration of the phenyl group occurs 
preferentially to give the ester of acetic acid, Hydrolysis of the ester gives p-fluorophenol. 


о 


О 
| CF,CO4H | н" ence 
==“ = F \ / O~CCH3 (ester hydrolysis) р d 


p-Fluorophenol 


Note: Migration of the methyl group in the Baeyer—Villiger oxidation would give a different ester. This is 
formed only in trace amounts under the conditions that were used. 


о. 
—{ бо» 
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22.36 (a) The molecular formula of the compound (СоН 10) tells us that it has a total of four double bonds and 
rings (index of hydrogen deficiency — 4). The prominent peak in the IR spectrum is the hydroxyl 
absorption of an alcohol or a phenol at 3300 cmt. 

Peaks in the 8 110—160 region of the 13С NMR spectrum suggest an aromatic ring, which accounts 
for six of the nine carbon atoms and all its double bonds and rings. The presence of four peaks in this 
regiou, two of which are C and two CH, indicates a para-disubstituted aromatic derivative. That the 
remaining three carbons are sp?-hybridized is indicated by the upfield absorptions at 5 15, 26, and 38. 
None of these carbons has a chemical shift below 6 40, and so none of them can be bonded to the 
hydroxyl group. Thus, the hydroxyl group must be bonded to the aromatic ring. The compound is 


4-propylphenol. 
но—{_—сщсысв 


4-Propylphenol 


(b 


ме 


Once again the molecular formula (СУН ; BrO) indicates a total of four double bonds and rings. The four 


peaks in the 6 110—160 region of the spectrum, three of which represent CH, suggest a monosubstituted 
aromatic ring. 

The remaining atoms to be accounted for are O and Br. Because all the unsaturations are accounted 
for by the benzene ring and the IR spectrum lacks any hydroxyl absorption, the oxygen atom must be 
part of an ether function. The three CH, groups indicated by the absorptions at 6 32, 35, and 66 in the 


13С NMR spectrum allow the compound to be identified as 3-bromopropyl phenyl ether. 


{_У—оснсысьв 


3-Bromopropyl phenyl ether 


ANSWERS TO INTERPRETIVE PROBLEMS 


2237 А; 22.38 В; 22.39 A; 22.40 С 


SELF TEST 
1. Which is the stronger acid, m-hydroxybenzaldehyde or p-hydroxybenzaldehyde? Explain your answer, using 
resonance structures. 


2. Thecresols are methyl-substituted phenols. Predict the major products to be obtained from the reactions of 
0-, m-, and p-cresol with dilute nitric acid. 


Ji 
3. Give the structure of the product from the reaction of p-cresol with propanoyl chloride, СНАСН2ССТ, in the 
presence of AlCl}. What product is obtained in the absence of AICi}? 
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4. Provide the structure of the reactant, reagent, or product omitted from each of the following: 


(a) {_у—осшсн» HBr ? (two products) 


OCH;CH(CH3); 
(b) ? (two compounds) —— ——- a 
CH; 
O Na OH 

CO;H 

(c) 1.3 
2. НзО* 
НВг 
(d) a 2 (CaHsBrO) 
О 


5. Provide the structures of compounds A and B in the following sequence of reactions: 


OH 


CH3CH;CH— CHCH;Br heat 
КСО: = А === В (Cy Hy gO) 


6. Prepare p-tert-butylphenol from terf-butylbenzene using any necessary organic or inorganic reagents. 


CHAPTER 23 


Carbohydrates 


SOLUTIONS TO TEXT PROBLEMS 


23.1 (b) Reorient the three-dimensional representation, putting the aldehyde group at the top and the primary 
alcohol at the bottom. 


H CHO 
HOCH; С «СНО fumo Ed 
ÓH СНОН 


What results is not equivalent to a proper Fischer projection, because the horizontal bonds are directed 
“back” when they should be “forward.” The opposite is true for the vertical bonds. To make the drawing 
correspond to a proper Fischer projection, we need to rotate it 180? around a vertical axis. 


CHO CHO CHO 

H»c" OH HOCH іѕ equivalent to нон 
CHOH CH;OH СНОН 
b 


rotate 180° 


Now, having the molecule arranged properly, we see that it is L-glyceraldehyde. 
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(c) Look at the drawing from a perspective that permits you to see the carbon chain oriented vertically with 
the aldehyde at the top and the CH,OH at the bottom. Both groups should point away from you. When 


examined from this perspective, the hydrogen is to the left and the hydroxyl to the right with both 
pointing toward you. 


CHO CHO 
НОСН—С—Н  isequivalentto | H*-C-0H 
OH CH;OH 


The molecule is D-glyceraldehyde. 


23.2 Begin by drawing a perspective view of the molecular model shown in the problem. To view the compound 
as a Fischer projection, redraw it in an eclipsed conformation. 


эн О 
НЫН H OHH OH 
S СН Loi S S 
носну“ "x === 
HO H HOCH; CH=O 
Staggered conformation Same molecule in eclipsed 


conformation 


The eclipsed conformation shown, when oriented so that the aldehyde carbon is at the top, vertical bonds 


back, and horizontal bonds pointing outward from their chirality centers, is readily transformed into the 
Fischer projection of L-erythrose. 


good CHO CHO 

E e is equivalent to Нан or HO H 

HOCH; сн=о HO-C-H HO——H 
CH;OH CHOH 


L-Erythrose 


23.3 L-Arabinose is the mirror image of D-arabinose, the structure of which is given in text Figure 23.2. 
The configuration at each chirality center of D-arabinose must be inverted to transform it into L-arabinose. 


CHO CHO 


H OH HO H 
H—+—OH HO H 
CH;OH CH3OH 


p-(-)-Arabinose L-(+)-Arabinose 
23.4..The-configuration-at-C-5-is-opposite-to-that-of D-(+)-glyceraldehyde;-it-is-S.-This-particular-carbohydrate 


therefore belongs to the L series. Comparing it with the Fischer projection formulas of the eight 
D-aldohexoses reveals it to be in the mirror image of D-(4)-talose; it is L-()-talose. 
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23.5 (b) Asin part (а), the — ОН group on the highest-numbered chirality center (C-3) is up, and this 
stereoisomer belongs to the L series. The — OH group at the anomeric carbon is also up, making 
this the o-furanose form. 


o OH «—— a 
OH НЯ! 
L3 ТН 
H OH 


a-rL-Threofuranose 


(c, d) The —OH group on the highest-numbered chirality center (C-3) is down in both of these structures, 
and these stereoisomers belong to the D series. For D series carbohydrates, the configuration of the 
anomeric carbon is © if its hydroxyl group is down and В if the hydroxyl group is up. 


OH -——- В 


Q-D-Threofuranose B-p-Threofuranose 


23.6 (b) The Fischer projection of D-arabinose may be found in text Figure 23.2. The Fischer projection and the 
eclipsed conformation corresponding to it are 


CHO 
5 
HO H н CHOH H HOCH, ОН H 
H OH 7 o rotate about H 4, 
Н НО ито сз C4 bond Н НО Удо 

H——OH HO N 4 н ~ А 

СНОН HO H HO H 
D-Arabinose Eclipsed conformation Conformation suitable for 

of p-arabinose furanose ring formation 


Cyclic hemiacetal formation between the carbonyl group and the C-4 hydroxyl yields the œ- and 
B-furanose forms of D-arabinose. 


HOCH, o OH HOCH, | H 
H HO 
H H H OH 
HO H HO H 
B-p-Arabinofuranose o-h-Arabinofuranose 


(c) The mirror image of D-arabinose [from part (5)] is L-arabinose. 


zn E K HO CH,OH i 
H-+-OH HO № so 
H OH HO 

CHOH CHOH 


D-Arabinose L-Arabinose Eclipsed conformation 
of L-arabinose 
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The C-4 atom of the eclipsed conformation of L-arabinose must be rotated 120? in a clockwise sense 
so as to bring its hydroxyl group into the proper orientation for furanose ring formation. 


5 
HO „©Н;ОН H н „ОН H 
d rotate about | 
(SQ — C3-CA4 bond OH H So 
HOCH; 
H OH 


Original eclipsed conformation 


Conformation suitable for 
of -arabinose 


furanose ring formation 


Cyclization gives the œ- and B-furanose forms of L-arabinose. 


H О OH H О H 
OH H 
HOCH) OH 
H OH 


a-L-Arabinofuranose B-1.-Arabinofuranose 


In the L series, the anomeric hydroxyl is up in the а, isomer and down in the B isomer, 


23.7 (b) The Fischer projection and Haworth formula for D-mannose are 


CHO 
HOCH; 
HO H 
H O OH 
HO H 
H OH HO 
CHOH Н H 
р-Маппозе 


B-p-Mannopyranose 
(Haworth formula) 


The Haworth formula is more realistically drawn as the following chair conformation: 
H OH 
HOCH, 
HO =Q 
HO OH 


H H 
В-р-Маппоругапоѕе 


Mannose differs from glucose in configuration at C-2. АН hydroxyl groups are equatorial in 
B-D-glucopyranose; the hydroxyl at C-2 is axial in B-D-mannopyranose. 
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(c) The conformational depiction of D-L-mannopyranose begins in the same way as that of 
В-р-таппоругапоѕе. L-Mannose is the mirror image of D-mannose. 


CHO CHO 

HO H H OH in 
HO сњон H 

Нон H—— OH H o 
H—|—OH нон H HY Зо 
H OH HO H 

CH;0H СНОН nO BH 
р-Маппоѕе L-Mannose Eclipsed conformation 


of L-mannose 


To rewrite the eclipsed conformation of L-mannose in a way that permits hemiacetal formation between 
the carbonyl group and the C-5 hydroxyl, C-5 is rotated clockwise 120°. Е 


H 
CHOH н HO H 
С rotate about СНОН 
(50 — С-4-С-5 bond H H 
H OH 
HO OH 


B-L-Mannopyranose 
(remember, the anomeric 
hydroxyl is down in the L series) 


Translating the Haworth formula into a proper conformational depiction requires that a choice be made 
between the two chair conformations shown. 


OH H H H H 
H HOCH; ~O OH 
H HO H 
HO | OP OH H oa OH 
HO OH CH20H 
More stable chait conformation; 
Haworth formula of Less stable chair conformation; СН2ОН is equatorial 
В-:.-таппоругапоѕе СНОН is axial 
(d) The Fischer projection formula for L-ribose is the mirror image of that for D-ribose. 
CHO CHO 
H CH;OH H о Н 
H OH HO H о С но 
H—]—OH  HO—|—H Ho НО зм, HO HO n 
H OH HO H H B 
H H 
CHOH CH;OH Ho o8 
p-Ribose L-Ribose Eclipsed conformation of L-ribose is Haworth formula of 


oriented properly for ring closure. B-L-ribopyranose 
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Of the two chair conformations of B-L-ribose, the one with the greater number of equatorial substituents 
is more stable. 


OH 
HO о. н он OH 
ERES: г 2o -0 OH 
HO Но HO ESPECIES E Anu oq ae 
H OH 
OH 
H H 


Less stable chair More stable chair 
conformation of conformation of 
В-1.-гіроругапоѕе B-L-ribopyranose 
23.8 The equation describing the equilibrium is 
В H 
носн, 9H HOCH, 9 носн, ОН 
HO “© o HO -OH аа HoT A | 
HO ag” |, CH-0 > но OH 
OH 
а-р-Маппоругапове Open-chain form of D-mannose В-р-Маппорутапоѕе 


[cdd + 29.3% lodo ñ 17,0% 


Let A = percent & isomer; 100 — A = percent B isomer. Then 
A(+29.3°) + (100 — A)(-17.09 = 100(+14.2°) 
46.3A = 3120 
Percent @ isomer = 67% 
Percent B isomer = (100 — A) =33% 
23.9 As shown in the text, Step 1 of this mutarotation is deprotonation of @-D-glucopyranose. 


HOCH, ... -— HOCH, .- 
НО 30: uua Step! НО : а; 
ноу + ТОН === Ho AH tO 
HO НО |_ 
:077 :0: 
oe H ae 


o-b-Ghucopyranose 


This is followed by ring opening (Step 2) and rotation about a carbon-carbon bond. Ring closing (Step 3) 
followed by protonation (Step 4) gives B-p-glucopyranose. 


НЕ) о НОСЊ gr HOCHo..- , 
HONO y 52 НОО y HO 0: D. 
ноу NE HO ===> HO 22 

HO > HO HO 
0 Q: H 
HOCH) + $ HOCH, +s, nda 
HOA 6: р б: a HO” ER a “uH shod ded 
HO HO 
H H 
но= Ө: 
HOY Өх + QH 
HO 
H 


B-b-Glucopyranose 
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23.10 Based on the anomeric effect, the С-С1 bond and the O-CH, bond are gauche in the most stable 
conformation of CICH OCH}. 


/ 3 
CI 
23.11 Review carbohydrate terminology by referring to text Table 23.1. A ketotetrose is a four-carbon ketose. 
Writing a Fischer projection for a four-carbon ketose reveals that only one chirality center is present, and 


thus there are only two ketotetroses. They are enantiomers of each other and are knowu as D- and 
L-erythrulose. 


CHOH CHOH 
С=0 C—O 
n-on но—-н 
CH;OH CHOH 
D-Erythulose L-Erythrulose 
23.12 1 CHOH 
TS HCH OH O 
HO H ; H 
а turn on side H О 2 CHOH 
H OH n , 1 
5 OH 
H OH OH H 
6 
CHOH 
D-Fructose 
rotate about 
C-4-C-5 
bond 
6 
HOCH, о. OH HOCH; OH zd 
й HO 4c OSEE Ho ОНА CHOH 
H CHOH Hour 
2 
OH H OH E 


Eclipsed conformation 
in proper orientation 
for furanose ring formation 


B-Fructofuranose 


23.13 (b) Because L-rhamnose is 6-deoxy-L-mannose, first write the Fischer projection formula of D-mannose, and 
then transform it to its mirror image, L-mannose. Transform the C-6 CH5OH group to CH; to produce 
6-deoxy-L-mannose. 


CHO CHO CHO 
HO H H OH H OH 
HO H H OH H OH 
H OH HO H HO H 
H OH HO H HO H 
CHOH CH;OH СН» 
ю-Маппозе 1.-Mannose 6-Deoxy-L-mannose 


(from text Figure 23.2) (L-rhamnose) 
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23.14 Numbering of the nine-carbon chain begins at the carboxyl group in N-acetylneuraminic acid. Tbe compound 
can be described as a ketose as C-2 is the bemiacetal of a ketone carbonyl. It is also a deoxy sugar as 
evidenced by the lack of a bydroxyl group on C-3. The highest-numbered cbirality center is C-8. It is D; it 
bas the same configuration as D-glyceraldehyde. 


23.15 OH OH 
CH;OH CH;OH 
"s H HO AN „ОСН; 
HO HO 
OCH; H 
Methyl o-b-galactopyranoside Methyl B-p-galactopyranoside 


23.16 


HOCH; 
DE 
HO O-g 
=OCH HO 
CH ee 3 OH 
:OCH; 
23.17 HOC а HOCH, . 
HO 0:2 из G+ 
HO Q: === HO \ + CHj40H 
On] Мун HO 
OH 
HOCH, ,, 9 HOCH; 
Or 
HO T HO 
Но Xy + СОН === "ug H 
oH OH] | 
HO" ср; — 
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23.18 The hemiacetal opens to give an intermediate containing a free aldehyde function. Cyclization of this 
intermediate can produce either the & or the В configuration at this center. The axial and equatorial orientations of 
the anomeric hydroxyl can best be seen by drawing maltose with the pyranose rings in chair conformations. 


HOCH; HOCH; 
HO Q HO 
HO HO 
OH OH 
O~ CHOH x о. CHOH 
HO HO 
О OH 
Ho OH HO CH=O 


B-Configuration of 


: Е Key intermediate formed by 
hemiacetal (equatorial) 


cleavage of hemiacetal 


HOCH; 
HO О 
HO 
OH 
О CHOH 
HO. 
О 
HO -— —- q-Configuration of 
HO hemiacetal (axial) 


Only the configuration of the hemiacetal function is affected in this process. The a configuration of the 
glycosidic linkage remains unchanged. 


23.19 The galactitol formed by reduction of D-galactose has a plane of symmetry and is a meso form. It is achiral 
and thus not optically active. 


CHO CH,OH 
H—-—O0H вон су 
HO—[-H _мавн,, _ НОН. P d 
HO H Ho HO H 
H—.—0H н- oH 
CH;OH СНОН 


23.20 Because the groups at both ends of the carbohydrate chain аге oxidized to carboxylic acid functions, two 
combinations of one CH,OH with one CHO group are possible. 


CHO COH CH;0H CHO 
H OH H OH H OH HO H 
HO H HNO, HO H HNO; HO H ; HO H 
Ede EE e звы equivalent to 
H OH en H OH d H OH H OH 
H OH H OH H OH HO H 
CH;0H COH CHO СНОН 
b-Glucose p-Glucaric acid L-Gulose 


L-Gulose yields the same aldaric acid on oxidation as does D-glucose. 
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23.21 The structure of methyl a-p-arabinopyranoside indicating the bonds that are cleaved on oxidation with 
periodic acid was given in the paragraph preceding this problem in the text. Carbon-3 is lost as formic acid. 
Carbons 2 and 4 become aldehyde fnnctions. 


Hess 21 || 
—„ HCCH,OCHCH + HCOH 


OCH; 


OH OCH; 


The same changes occur irrespective of the stereochemistry of carbons 2, 3, and 4. Therefore, the a-methyi 
pyranosides of D-ribose, arabinose, xylose, and lyxose all yield the same dialdehyde. 


23.22 Hydrolysis of the CN group gives a СОН at one end of the carbohydrate chain. The CH5OH is unchanged at 
the other. The product is an aldonic acid. 


23.23 In analogy with the D-fructose D-glucose interconversion, dihydroxyacetone phosphate and 
D-glyceraldehyde 3-phosphate can equilibrate by way of an enediol intermediate. 


Ox „Н 

ОН triose phosphate Н triose phosphate ү; 

c= О isomerase C—OH isomerase Н—С—ОН 

СЊОРКОН); CH,OP(OH)2 CH2OP(OH)2 

О 
Dihydroxyacctone Enediol D-Glyceraldehyde 
phosphate 3-phosphate 
23.24 О 
|| 
© CH,OCCH3 
CH4CO : 
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722 
23.25 (CH3CHO 
НС О 
HO 
HO о эы 
нс о 
HO 
О ОН 
E m 
НС о | 
CH. О CH, HG 
O » OH 
HO uo Pd 
OCH; 
B-(13) 


23.26 (a) The structure shown in the text is D-(+)-xylose; therefore (—)-xylose must be its mirror image and has the 


L-configuration at C-4. 


CHO CHO 
H OH HO H 
HO H H OH 
H OH HO H 
СЊОН СЊОН 
b-(+)-Xylose L-(-)-Xylose 


(b) Alditols are the reduction products of carbohydrates; xylitol is derived from xylose by conversion of the 
terminal —CHO to —СН2ОН. 


CH;OH 
H OH 


H OH 
СНОН 


Xylitol 


(c) Redraw the Fischer projection of D-xylose in its eclipsed conformation. 


CHO H 
н—|-он н до: H о, OH 
HO H redrawn as OH H CHO OH H 
H OH HO HO H 
CH,OH H OH H OH 
D-Xylose Bclipsed conformation Haworth formula of 
of p-xylose В-р-хуІоругапоѕе 
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The pyranose form arises by closure to a six-membered cyclic hemiacetal, with the C-5 hydroxyl group 
undergoing nucleophilic addition to the carbonyl. In the B-pyranose form of D-xylose the anomeric 
hydroxyl group is up. 

The preferred conformation of В-р-хуюругапозе is a chair with all the hydroxyl groups equatorial. 


H O. OH 


is better represented as PO 9 
ОН H is better represented аз qo OH 
HO H OH 
H OH 
Haworth formula of Chair conformation of 
В-р-хуІоругапоѕе В-р-хуіоругапоѕе 


(d) L-Xylose is the mirror image of D-xylose. 


CHO CHO 
H OH HO H HO СНОН 
HO H H OH H HO ,CHO 
H OH HO H H 
CH;OH СЊОН HO H 
p-Xylose 1-Xylose Eclipsed conformation 


of L-Xylose 


To construct the furanose form of L-xylose, the hydroxyl at C-4 needs to be brought into the proper 
orientation to form a five-membered ring. 


H 
e / 
rotate about H ©. H OH 
C-3-C-4 bond PIS A, О 
CHO с H HO „С = H HO 
HOCH, H HOCH H 
HO H А HO H 


The o-anomeric hydroxyl group is up in the L series. 
(e) Methyl a-L-xylofuranoside is the methyl glycoside corresponding to the structure in part (d). 
H OCH 
о 3 
H HO 
HOCH H 
HO H 


(f) Aldonic acids are derived from aldoses by oxidation of the terminal aldehyde to a carboxylic acid. 


нео HO. 20 


CH;OH CH;OH 


p-Xylose p-Xylonic acid 
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(g) Aldonic acids tend to exist as lactones. А 5-lactone has a six-memhered ring. 


HO, 20 н 
H——OH be д 
же ЖЫ Aue Kor но =o 
H OH HÓ 
CHOH i Ud 
p-Xylonic acid Eclipsed conformation of &-Lactone of p-xylonic acid 


b-xylonic acid 


(h) A y-lactone has a five-membered ring. 


н Свон Q HOCH; О 
СИ GR 
HO : ~ H 
H OH H OH 
D-Xylonic acid - Lactone of n-xylonic acid 


(i) Aldaric acids have carboxylic acid groups at both ends of the chain. 
CHO COH 
H OH H OH 
HO H HO H 
H OH H OH 
CH;OH CO;H 


р-Ху1озе Xylaric acid 


23.27 Begin the problem hy converting the Fischer projection of D-xylose to a perspective view. Remember that the 
horizontal lines of a Fischer projection represent honds coming toward you, and the vertical lines are going 
away from you. 


сн=о сн=о 
H—|—OH H==+ ОН 
HO H is equivalent to i-a 
H——OH H=—0OH 
CH;OH CH,0H 


Rank the groups attached to each chirality center. Identify each chirality center as either R or S according to 
the methods described in Chapter 7. Remember that the proper orientation of the lowest-ranked group 
(usually H) is away from you. Two of the chirality centers in D-xylose have the R configuration. The IUPAC 
name of D-xylose is (2R,3S,4R)-2,3,4,5-tetrahydroxy pentanal. 


CH-O 
H===0H 
iio. Lg CA 
M [Loir 6355 
D САЊЕ 


CHAPTER 23: Carbohydrates 725 


23.28 (a) Reduction of aldoses with sodium borohydride yields polyhydroxy alcohols called alditols. Optically 
inactive alditols are those that have a plane of symmetry, that is, those that are meso forms. 
The D-aldohexoses that yield optically inactive alditols аге D-allose and D-galactose. 


CHO CHOH CHO CHOH 
H OH H OH H OH H OH 
H OH NaBH; H OH HO H NaBH, HO H 
H OH H OH HO H HO H 
H OH H OH H OH H OH 
CHOH CHOH CH50H СН ОН 
р-АПоѕе Allitol b-Galactose Galactitol 


{meso compound} (meso compound) 


(b) All the aidonic acids and their lactones obtained on oxidation of the aldohexoses with bromine are 
optically active. The presence of a carboxyl group at one end of the carbon chain and a СН,ОН at the 
other precludes the existence of meso forms. 


(c) Nitric acid oxidation of aldoses converts them to aldaric acids. The same b-aldoses found to yield 


optically inactive alditols in part (a) yield optically inactive aldaric acids. 


CHO COH CHO COH 
H OH нон H OH H OH 
H OH нхо, H—|—OH но H имо; _ НО H 
H OH H OH HO H HO H 
H—— OH H OH H OH H OH 
CH;OH CO;H CHOH COH 
p-AHose Allaric acid p-Galactose Galactaric acid 


(mesa compound) 


(d) Aldoses that differ in configuration only at C-2 enolize to the same enediol. 


(meso compound) 


CHO oo CHO 
H OH C—OH HO H 
H OH H OH H OH 
H OH H OH H OH 
H OH H OH H OH 
СНОН CHOH CHOH . 
D-Allose Enedio! p-Altrose 


-Fhe-chirality-center-at C-2 inthe D-aldose becomes-sp?-hybridized-in the enediol:The other pairs of 
D-aldohexoses that form the same enediols are 


p-Glucose and D-mannose 
D-Gulose and D-idose 
D-Galactose and D-talose 
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23.29 (a) To unravel a pyranose form, locate the anomeric carbon and mentally convert the hemiacetal linkage to a 
carbonyl compound and a hydroxyl function. 
О 
H 


H 
OH OH 
H 
OH OH H 


Convert the open-chain form to a Fischer projection. 


CHO 

H О НО H 

он бн НО H 

HOCH? ~OH . rotate about | bod сно equivalent to 
H OH ca С бола H OH 
H 

OH H HO H 

СНОН 


(b) Proceed in the same manner as іп part (а) and unravel the furanose sugar by disconnecting the 
hemiacetal function. 


CH;OH D 
CH;CH;0H ? 


OH H 
ед __тогаје about _ 
С-3-С- “C-3-C-4 bond” bond 
HO 


CHO 


The Fischer projection is 


Hom mH m 
О 
T 


CHOH 


(c) By disconnecting and unraveling as before, the Fischer projection is revealed. 


CHO 


HO HO 
и H OH 
a H -OH | 
НС = Н.С euo equivalent to is S 
HO HO H 
HO OH HO 


CHOH 


CHAPTER 23: Carbohydrates 727 


(d) Remember in disconnecting cyclic hemiacetals that the anomeric carbon is the one that bears two oxygen 
substituents, 


2 2 


HO О HO 
CHOH H | CH;OH 


HO OH 
HO OH HO H о 


rotate about 
C-5-C-6 bond 


ш е» m 
© 
= 


CH;OH 


23.30 (a) The L sugars have the hydroxyl group to the left at the highest numbered chirality center in their Fiscber 
projection. The L sugars are the ones in Problem 23.29a and c. 


CHO 


HOCH;7~|-o-7 “он [> йш 
ОН H OH Highest-numbered 


MERC er chirality center is L. 


HO HO H 
CHOH 
CHO 
HO 
H OH 
É m" н:С— OH 
3 Highest-numbered 
ње HO HO dii chirality center is |, 
HO OH 
СНОН 


(b) Deoxy sugars are those that lack an oxygen substituent on one of the carbons in the main chain. 
The carbohydrate in Problem 23.29b is a deoxy sugar. 

CHO 
OH 
OH 


CH;OH 


OH № hydroxyl 


a group at C-5 


CHOH 


Ho m m um 
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(c) Branched-chain sugars have a carbon substituent attached to the main chain; the carbohydrate in Problem 
23.292 fits this description. 


HO CHO 
о Н ОН 
Methyl ttached ——c- НАС OH 
H3C У ли chain. : 
HO HO H 
HO OH 
CHOH 
(d) Only the sugar in Problem 23.29d is a ketose. | 
CH,0H 
| Ketone carbonyl] 
C=O in Fischer 
HOCH, H OH projection 
HO E H—|—OH 
СНОН 
H OH 
HO HO OH 
H OH 
CHOH 


(e) A furanose ring is a five-membered cyclic hemiacetal. Only the compound in Problem 23.296 is а 
furanose form. 


CH;0H 


(f) In D sugars, the o configuration corresponds to the condition in which the hydroxyl group at the 
anomeric carbon is down. The о-р sugar is that in Problem 23.294. 
HOCH; 


HO 
CH;OH 


Anomeríc hydroxyl 
is down. 


а-Ругапозе form of a p-ketose 


In the 0-1. series the anomeric hydroxyl is up. Neither of the L sugars—namely, those of Problem 23.29a 
and c—is 0; both are В. 


23.31 There are seven possible ketopentoses. The ketone carbonyl can be located at either C-2 or C-3. When the 
carbonyl group is at C-2, there are two chirality centers, giving rise to four stereoisomers (two pairs of 


enantioiners). 
CELON 0н CHOH CH,0H 
C=O C—O C—O С=О 
H OH HO H HO H H OH 
H OH HO H H OH HO H 
СН>ОН CH;0H СЊОН CHOH 


p-Ribulose L-Ribulose p-Xylulose L-Xylulose 
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When the carbonyl group is located at C-3, there are only three stereoisomers, because one of them is a meso 
form and is superimposable on its mirror image. 


CH3OH CH;OH CH;OH 

HO——H n-on н—|-он 
С=О С=О С=О 

H OH нон u-]-on 

CH;OH СНОН СНОН 


23.32 (a) Carbon-2 is the only chirality center іп D-apiose. 


CHO 
нон 
HOCH;—}— OH 
CHOH 


D-Apiose 
Carbon-3 is not a chirality center; it bears two identical CH,OH substituents. 


(b) The alditol obtained on reduction of D-apiose retains the chirality center, It is chiral and optically active. 


CHO CH;0H 
H OH NaBH, H OH 
HOCH; OH HOCH; OH 
СНОН CH;OH 

р-Аріоѕе р-Аріно! 


(optically active) {optically active) 


(c, d) Cyclic hemiacetal formation in D-apiose involves addition of a СН,ОН hydroxyl group to the 


aldehyde carbonyl. 


OH 
H n О OH о Н 
4 СНОН H Cao = CHOH НЯ + 'NCH;OH НЯ 
H ^ д 3 2 H 3 2 OH 

HO OH HO OH HO OH 
Three chirality centers occur in the furanose form, namely, the anomeric carbon C-1 and the original 
chirality center C-2, as well as a new chirality center at C-3. 
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In addition to the two furanose forms just shown, two more are possible. Instead of the reaction of 
the CH,OH group that was shown to form the cyclic hemiacetal, the other СНОН group may add to the 
aldehyde carbonyl. 
OH H 


4 
HC, CH,OH H А — — —-- two furanose forms just shown 


HO OH 


rotate C-3 
120° about the 
C-2-C-3 bond 


OH H 
7 | о OH О H 
НС, он H Сеа ————- OH Ho + OH Ha 
C 2 H 8 2 OH 
HOCH? OH HOCH; OH HOCH) OH 


23.33 The most reasonable conclusion is that ali four are methyl glycosides. Two are the methyl glycosides of the 
a- and B-pyranose forms of mannose and two are the methyl glycosides of the œ- and B-furanose forms. 


носн.ОН HOCH,OH 
HO HO ОСН; 


ОСН; 
Methyl Methyl 
Q-D-mannopyranoside B-b-mannopyranoside 
CHOH CHOH 
H 
HO H О H HO О ОСН» 
ОН НО OH HO 
H ОСНз Н H 
H H H H 
Methyl Methyl 
a-p-mannofuranoside B-p-mannofuranoside 


In the case of the methyl glycosides of mannose, comparable amounts of pyranosides and furanosides 
are formed. The major products are the о isomers. 


23.34 (a) The a-hydroxy aldehyde unit at the end of the sugar chain is cleaved, as weil as all the vicinal diol 
functions. Four moles of periodic acid are required per mole of D-arabinose. Four moles of formic acid 
and one mole of formaldehyde are produced. 


Сн=0о НСОН Formic acid 
aaa 
p-Arabinose, showing НО—С—Н HCO2H Formic acid 
points of cleavage by мамл 4HIO, 
periodic acid; each H—C-—OH —— —- HCOOH  fFormicacid 
cleavage requires one aap 
equivalent of HIO,. Н—С— ОН HCO2H Formic acid 
vryp 


CH20H ЊС=0 Formaldehyde 
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(b) The points of cleavage of D-ribose on treatment with periodic acid are as indicated. 


HL HCO;H 
H—-L—OH _4AHIOg |. НСОЉН 
CH;OH m 
O 
D-Ribose 


Four moles of periodic acid per mole of D-ribose is required. Four moles of formic acid and one mole of 
formaldehyde are produced. 


(c) Write the structure of methyl D-b-glucopyranoside so as to identify the adjacent alcohol functions. 


HO _ 290 „ 
НО OCH; of нс-\ осн, + HCOjH 
HO о 


Methyl В-р-віџсоругапоѕійе 


Two moles of periodic acid per mole of glycoside is required. One mole of formic acid is produced. 


(d) There are two independent vicinal diol functions in this glycoside. Two moles of periodic acid are 
required per mole of substrate. 
CH;OH б 
нон OCH; SCH OCH; О 
2104 O i 
* HCH 
CH HC 
H E ин 

H OH О О 


23.35 (a) The primary alcohol function reacts with triphenylmethyt chloride to give an ether by an Sy1 


mechanism. 
HOCH; О ш (CcH3).COCH», * 
HO Pyridine HO 
5 + (CHa =. HOS 
OH OH 
ОСН; ОСН; 
(b) The only two OH groups of methyl o-D-glucopyranoside that can yield ап acetal with a structure 


analogous to frans-decalin are those at C-4 and C-6. Periodic acid oxidation of the product involves the 
OH groups at C-2 and C-3. 


6 
HOCH; О acid CoH м 
4 C [| | 5 
но 7 ) + C6H5CH 04 О = 
HO HO 
* OH OH 


732 CHAPTER 23: Carbohydrates 


23.36 Periodic acid cleaves the vicinal diol function of compound A. 
CH; CH3 


H3C OH OH НзС о оо 

о | | HIO о | | | 

О QCH—CHCH-O + О "CH + HC—CH 
pg H H'' H 


HOCH, HOCH? 
Compound B 
The CH—O at one end of compound B cannot react with the CH,OH at the other end to give a cyclic 


hemiacetal because the structure produced would have a highly strained trans fusion between two five- 
membered rings. 


Compound B is an acetal. Acid hydrolysis converts it to acetone and compound C. 
CH3 


H3C О О 
о | но | О 
О «CH њо" CH T 
a9 Ба" н = CH.CCH 
H Н” 


НОСН» НОСН»2 
Compound С 


Oxidation of compound С converts it to the lactone (compound D). 


О 
HO | 
„Сн OM OH во, OS 20 
pi H OH Но m 
H^" 
HOCH? HO HO 


Compound D 


23.37 Unravel the lactone so as to reveal the carbon chain and its stereochemistry. 


" COH 
H | H OH 
H Ое О T но 
хү" ~ сон н OH 
HOCH," > A = 
НО HOCH; HO H 
HO OH HOHO OH 
H OH 
CH,0H 


The chain-extension method adds a carboxyl group to the aldehyde end of an aldose. To determine the 
aldose, disconnect the carboxyl group and transform the next carbon to an aldehyde. 


CH;OH СНОН 


The aldose subjected to chain extension is D-xylose. 
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23.38 Acid-catalyzed addition of methanol to the glycal proceeds by regioselective protonation of the double bond 
in the direction that leads to the more stable carbocation. The more stable carhocation is the one stabilized by 


the ring oxygen. 
‘HOCH не ОС 
H 
20 220% 
H* N 
HO p HO 


H 


Capture on either face of the carbocation by methanol yields the œ- and B-methyl glycosides. 


23.39 Comparing D-glucose, D-mannose, and D-galactose, it can be said that the configuration of C-2 has 
a substantial effect on the relative energies of the œ- and B-pyranose forms, but that the configuration of 
C-4 has virtually no effect. With this observation in mind, write the structures of the pyranose forms of 
the carbohydrates given in each part. 


(a) The B-pyranose form of D-gulose is the same as that of D-galactose except for the configuration at C-3. 


HO HO HO 
СЊОН CH;OH CH;0H 
О О О 
HO : OH à OH | 
НО | HO | НО 
НО НО ОН 
B-p-Galactopyranose В-р-Сшоругапоѕе о-р-Сшоругапоѕе 


(64% at equilibrium) (1,3 diaxial repulsion 
between hydroxyl groups) 


The axial hydroxyl group at C-3 destabilizes the &-pyranose form more than the В form because of its 
repulsive interaction with the axially disposed anomeric hydroxyl group. There should be an even higher 
В/о ratio in D-gulopyranose than in D-galactopyranose. This is so; the observed В/о ratio is 88:12. 


(b 


— 


The p dae form of D-talose is the same as that of D-mannose except for the E at C-4. 


qoo. M HOCK | 
x 4 


В-р-Таіоругапоѕе а-р-Тајоругапоѕе 0-р-Маппоругапоѕе 
(68% at equilibrium) 


Because the configuration at C-4 has little effect on the 0- to B-pyranose ratio (compare D-glucose and 
D-galactose), we would expect tbat talose would behave very much like mannose and that the 
о-ругапоѕе form would be preferred at equilibrium. This is indeed the case; the &-pyranose form 
predominates at equilibrium, the observed o/B ratio being 78:22. 


(c) The pyranose form of D-xylose is just like tbat of D-glucose except that it lacks a CH OH group. 


CH;OH 
HO 9 HO Q 
HOA OH———Ho — он 
ОН ОН 
B-n-Glucopyranose B-p-Xylopyranose о-р-Хуіоругапоѕе 


(64% at equilibrium) 


We would expect the equilibrium between pyranose forms in D-xylose to be much like that in D-glucose 
and predict that the B-pyranose form would predominate. It is observed that the B/a ratio in D-xylose is 
64:36, exactly the same as in D-glucose. 
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e pyranose form of D-lyxose is like that of D-mannose except that it lacks a roup. As in 
(d) The py f f D-ly is like that of pt that it lacks a CH,OH group. As i 
D-mannopyranose, the о; form should predominate over the В. 


OH OH HOCH,OH 
gere. = HO za HO -Q 
HO OH HO HO 
OH OH | 
B-p-Lyxopyranose o-D-Lyxopyranose &-p-Mannopyranose 


(6896 at equilibrium) 
The observed o/D distribution ratio in D-lyxopyranose is 73:27. 


23.40 (a) The rate-determining step in glycoside hydrolysis is carbocation formation at the anomeric position. 
The carbocation formed from methyl o-D-fructofuranoside (compound А) is tertiary and therefore more 
stable than the one from methyl a-p-glucofuranoside (compound B), which is secondary. The more 
stable a carbocation is, the more rapidly it will be formed. 


Faster: 
HOCH; О СН»ОН НОСН» О | 
H HO + H f HÖ- —CH0H + CH30H 
H OCH; H 
HO H HO H 
A Tertiary carbocation 
Slower: 
СЊОН CH;OH 
+ Ht 
H OH 
B Secondary carbocation 


(b) The carbocation formed from methyl B-D-glucopyranoside (compound D) is less stable than the one 
from its 2-deoxy analog (compound C) and is formed more slowly. It is destabilized by the 
electron-withdrawing inductive effect of the hydroxyl group at C-2. 


Faster: 
HOCH; HOCH; HOCH; 
HO О н*, fast. НО О Ci -CHOH НО О 
HO OCH; HO qem slow HO + 
H 
H н H 
с More stable 
Slower: 
HOCH; HOCH; 
HO О н*, HO C —CH3OH HOCH; 
HO OCH, HO OCH; ~ slow ae 
OH OH t 
H HH OH ^H 


р Less stable 
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(c) 


Hö === 
ШЕЕ 
H 
СЊОН , - 
/ 
DRESS Е" А кай 
CH; 
OH 
Oxygen-stabilized 
carbocation 
СЊОН, CHOH 
HO Qt HO б: 
N + OH, == 


CHOH, CHOH, 
О: НО о: .. 
OH Ac" OH ^H 
C Led 
H 
23.41 The arrows point to the acetal carbons of topiramate. 
CH; 
О ~ 
о је 
О А а as 
1 
О CH;0—8—NH; 
О О 
CH; — LB 
СНз 


Topiramate 
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23.42 И +H 
:0 :0 
о! f г =: | 
„С... + НС: == „С... + CI 
HaC“ “СНз НС“ ССН» 
CH;OH CHOH CH,OH 
о „Н О О 


ССН eG * H 
CH; CH; 

CH;OH CH;OH CH;OH 

о О O 
o fe о 
сени meum СЕ > + HO: 
НО::0: ye НО: :О HO::O. 
J д H "UN 
20; о Рона 
cu т. HC- CAF H H3C 
СН» CH; 

CH;OH CH;OH CHOH 

О. О О 
О .. О .. О 
wer HO: + == НО + 
+ 

но::0 7 \ $4 :0: «e :0: 
Maori CH C C 

LUC TIN 

НзС HaC CH3 Н.С CH3 


23.43 (a) Methylation of the thioglycoside occurs to give a sulfonium salt that dissociates to give the oxygen- 
stabilized carbocation and ethy! methyl sulfide. Alkylation of sulfides to give sulfonium salts is 
described in Section 16.17. 


CH;0CH;C4Hs CH3OCH;C4Hs 
EN P EAS f^ О P CH 
С Н+СН»О О: 26 н, 0-4 сЕ СоН5СН2О О: / 3 
C6H5CH20 SCHCH3 + 3 | “з —*  CgH;CH;0 5: 
CsHsCH20 О СеН;СН,О CH2CH3 
Thioglycoside Methyl triflate + СЕз5037 
CH;OCH3C$Hs CH;OCH;C6Hs 
a 2 
CsHsCH20 OD а = CHCH O а zc aaen 
CsHsCH,0 xi CHsCH,0 S RUNS 
C4H4CH;O СН2СНз CsHsCH,0 
Oxygen-stabilized Ethyl methyl sulfide 


carbocation 
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(b) The nitrogen of the glycosyl imidate ester reacts with trimethylsilyl triflate. Dissociation of this 
intermediate gives the oxygen-stabilized carbocation and the trimethylsilyl derivative of 
trichloroacetamide. Hydrolysis of the latter gives trichloroacetamide. 


CH;OCH;CH; СН,ОСН›С;Н; 
CHsCH;0 Ó: CE C;HCH;O QU x 
C6H;CH20 Ö~c-CCh + (CH3)38i—O— у CF, —- C&H4CH;O O—c-CCl 
CeHsCH0 lH б CsH;CH20 he | 
E H ИСН)». 
Glycosyl imidate ester Trimethylsityl triflate + СЕЗ О," 
CH3OCH;C&H; CH,OCH2CéHs К 
AE a+ О. 
СЄН+СН»О Q СеН;СН›О Ф Сне 
СеН;СН,О Qc Cet CgHsCH,0 H N: 
CeHsCH20 Nt CeHsCH20 H “81(СНз)з 
Н“ “Si(CH3)3 


Oxygen-stabilized 
carbocation 


:О~ _. KONS 

“с СС H,O рак + (CH,),SiOH 
„№ UN? 

H  Si(CH3) H H 


Trichloroacetamide 


23.44 Bromination of the alkene (Step 1) gives a bromonium ion tbat can cyclize by reaction with the oxygen 
attached to the anomeric center to give an oxonium ion (Step 2). Dissociation of 2-(bromomethyl) 
tetrahydrofuran (Step 3) gives the oxygen-stabilized carbocation. The oxygen-stabilized carbocation reacts 
with bromide (Step 4) to give the œ anomer shown. The о; anomer is favored over the В anomer Бу the 
anomeric effect. 


сњоснсн, СНОСН›СН; [gH 
сас € ar Be Step 1 СеНСЊО О: " Re 


+ 
oo. CsHsCH,0 T 
C&H3CH;0 C5H5CH;0 di 
Pentenyl glycoside 
poe p .StP2 _  C&H,CH;O О: 
оа СеН5СНО 8 
C;H5CH50 CcH5CH50 Е 
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Br 
CH;OCH;CeHs pr uA ашы 
CgH4CH5O d Step 3 ‹%Н5СН»О N + " 
C6HsCH20 5 %Н5СН;О H :О 
бнсн;О {+ Сен СНОО 
Oxygen-stabilized 2-(Bromomethyl) 
carbocation tetrahydrofuran 
CH;OCH;C4Hs CH;0CH;C&$Hs 
En "a 
СеН:СНО 2 stepa СеНСН2О : 
СеН5СН:О МЕ Br: NU M CsHsCH20 
C&H5CH;0 Сена СНО ‚ву; 
Oxygen-stabilized a-Glycosyl bromide (90%) 


carbocation 


ANSWERS TO INTERPRETIVE PROBLEMS 
2345 E; 23.46 F; 23.47 C; 2348 A; 2349 D 


SELF-TEST 


1. The structure of D-erythrose is shown. Draw the following: 


CHO 


(a) The enantiomer of D-erythrose 

(b) A diastereomer of D-erythrose 

(c) The o-furanose form of D-erythrose (use a Haworth formula) 

(d) The anomer of the structure in part (c) 

(e) Assign the configuration of each chirality center of D-erythrose as either R or S. 


2. The structure of D-mannose is 


CHO 
HO H 
HO H 
H OH 
H OH 
СНОН 
p-Mannose 


Using Fischer projections, draw the product of the reaction of D-mannose with 
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(a) NaBH, in H,0 
(b) Excess periodic acid 
3. Referring to the structure of D-arabinose shown, draw the following: 


(а) The a-pyranose form of D-arabinose 
(b) The f)-furanose form of D-arabinose 


(c) The B-pyranose form of L-arabinose 


H—|—OH 
CHOH 


D-Arabinose 


4, Using text Figure 23.2, identify the following carbohydrate: 


CH;OH 
HO о, OH 
H 
H | HO 
H H 
OH н 


5. Write structural formulas for the œ- and B-methyl pyranosides formed from the reaction of D-mannose 
(see Problem 2 for its structure) with methanol in the presence of hydrogen chloride. How are the two 
products related? Are they enantiomers? Diastereomers? 


CHAPTER 24 
Lipids 


SOLUTIONS TO TEXT PROBLEMS 
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24.1 The triacylglycerol shown in text Figure 24.2a, with an oleyl group at C-2 of the glycerol unit and two stearyl 
groups at C-1 and C-3, yields stearic and oleic acids in a 2:1 molar ratio on hydrolysis. A constitutionally 
isomeric structure in which the oleyl group is attached to C-1 of glycerol would yield the same hydrolysis 


О 
| H 
" CH;OC(CH2)1sCHs n CHGOCUCHO)CEE-CELCH2)RCHS 
СНС СИН CH(CHogCOCH ог CH3(CH2)6COCH 
CHOC (CHa)i6CHs CH,OC(CH2)16CHs 
О О 
320 
Du i. o 
CH;(CH;;CH—CH(CH);COH + HOCH + 2HOC(CHj)jgCHa 
CHOH 
Oleic acid Glycerol Stearic acid 
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24.2 The catalytic hydrogenation intermediate resulting from an M—H bond adding a hydride to C-10 and the 
metal to C-9 is shown. By dissociation of the М-Н bond using the hydride on C-8, the 8-octadecenoic acids 
are formed. 


т 
H (М), H 


| [ ee | | 
CH3(CH2)/CH=CH—CH(CH3)6COR ИН CH3(CH2;CH—CH—CH(CHy«COR 


Esters of cis- and 
trans-9-octadecenoic acid 
-H~ (M), —H 


it [| 
CH3(CHa);CH—CH=CH(CHp)gCOR 


Esters of cis-and 
trans-8-octadecenoic acid 


24.3 (b) The sulfur of acyl carrier protein acts as a nucleophile and attacks the acetyl group of acetyl coenzyme 
A. The reaction is nucleophilic acyl substitution. 


,H 
Oy О) 
I © [^ li 
CH3CSCoA + HS—ACP CH,C—SCoA CH;CS—ACP + HSCoA 
S—ACP 
Acetyl Acyl carrier Tetrahedrat S-Acetyl aeyl Coenzyme A 
coenzyme À protcin intermediate carrier protein 


24.4 Conversion of acyl carrier protein-bound tetradecanoate to hexadecanoate proceeds through the series of 
intermediates shown. 


О 9 о о OH 
Ш HO;CCH54CS —ACP | il il | || 
СН:(СН›)2С8--АСР | — — — — CHCH) 9 CCH»CS—ACP CH3(CH2) СНСНС5—АСР 


i i 
CH3(CH;)j;CH;CH;CS—ACP CH3(CH5)j9CH - CHCS—ACP 


24.5 The structure of L-glycerol 3-phosphate is shown in a Fischer projection. Translate the Fischer projection to a 
three-dimensional representation. 


CHOH CH;OH —CHjOH— 
E НОУ 
НО u = HO*€C-—H same as ^н 
z P 
CH;OPO;H; CH,OPO3H; а 


The order of decreasing sequence rule precedence is 


HO— > ЊОРОСЊ— > HOCH;— > Н— 
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24.6 


24.7 


24.8 
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When the three-dimensional formula is viewed from a perspective in which the lowest-ranked group is away 


from us, we see 
HOCH, „ов 
T 
H504POCH; 


Order of decreasing rank is 
clockwise, therefore R. 


The absolute configuration is R. 
The conversion of L-glycerol 3-phosphate to a phosphatidic acid does not affect any of the bonds to the 
chirality center, nor does it alter the sequence rule ranking of the groups. 


О il 
it CH3OCR О 


R'CO, - i | 
LC R'CO— > H,03POCH,— > RCOCH;— > H— 
H504POCH; 


The absolute configuration is R. 


Phosphatidylcholine, with a positively charged nitrogen of an ammonio group and a negatively charged 
oxygen of a phosphate, has no net charge. The outer surface of a fatty acid micelle is negatively charged 
because of its carboxylate groups. 


Cetyl palmitate (hexadecyl hexadecanoate) is an ester in which both the acyl group and the alkyl group 
contain 16 carbon atoms. 


| 
CH3(CH2);4CO(CH2)1sCH3 
Hexadecyl hexadecanoate 


The biosynthesis of PGE, is described in the text. The fatty acid precursor of PGE, is cis,cis,cis,cis- 
5,8,11,14-icosatetraenoic acid, better known by its common name arachidonic acid. 


cis,cis,cis,cis-5,8,11,14-Icosatetraenoic 
acid (arachidonic acid) 


PGE}, shown in text Figure 24.6, has one less double bond than РСЕ. By analogy, the fatty acid precursor to 
PGE, also has one less double bond. 


222 COH 


many 


CH; steps 


PGE, 


MM 


cis,cis,cis-B,1 1, 14-Icosatrienoic acid 
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24.9 We are told that LTA, is an epoxide, The thiol group of glutathione (abbreviated GSH in the following 
reaction) acts as a nucleophile and opens the epoxide ring. In abbreviated form, the reaction can be viewed as 


о, rie 
GSH + RCH-CHR' КОРЕНЕ 
SG 


Reasoning backward from the structure of leukotriene С, (LTC,) in the text, we can deduce the structure of 
the epoxide leukotriene A, (1ТА,). 


O 
H 
== Qu а c 
= CH; 
Leukotriene Ay (LTA4) 


24.10 Isoprene units are phous fragments in the carbon skeleton. Functional groups and multiple bonds are 
ignored when structures are examined for the presence of isoprene units. 


o-Pheilandrene (two equally correct answers): 


9-9 


Mentho! (same carbon skeleton as o-phellandrene but different functionality): 


Он „Он 
or 


Citral: 


o-Selinene is shown in text Section 24.7. 


Farnesol: 


OH 
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Abscisic acid: 


OH 
CO;H 
О 


Cembrene (two equally correct answers): 


Or 


Vitamin A: 


24.11 В-Сагоепе is a tetraterpene because it has 40 carbon atoms. The tail-to-tail linkage is at the midpoint of the 
molecule and connects two 20-carbon fragments. 


Tail-to-tail link between isoprene units 


24.12 Isopentenyl diphosphate acts as an alkylating agent toward farnesyl diphosphate. Alkylation is followed by 
loss of a proton from the carbocation intermediate, giving geranylgeranyl diphosphate. Hydrolysis of the 
diphosphate yields geranylgeraniol. 
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OPP 
ESN c t "a 
< “ SRM d OPP 
Farnesyl diphosphate Isopentenyl diphosphate 
+ 
Su Su. 9 OPP 
H H 
E 
ENS EN ENS Su OPP 
Geranylgeranyl diphosphate 
H20 
SN M EN EN Өй 


Geranylgeraniol 


24.13 Borneol, the structure of which is given in text Figure 24.8, is a secondary alcohol. Oxidation of borneol 
converts it to the ketone camphor. 


НСО, 
ове 


OH О 
Вогпео! Camphor 


Reduction of camphor with sodium borohydride gives a mixture of stereoisomeric alcohols, of which one is 
borneol and.the-other-isoborneol. йе 


NaBH, 
———M 


О 


Camphor Borneol Isoborneol 
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24.14 Figure 24.9 in the text describes the distribution of 4С (denoted by *) in citronellal biosynthesized from 
acetate enriched with 14C in its methyl group. 


к E Е i 
\ CH 
CH4CO;H ГОМ 


If, instead, acetate enriched with ЧС at its carbonyl carbon were used, exactly the opposite distribution of 
the МС label would be observed. 


CH4CO;H 


When !4CH,CO,H is used, C-2, C-4, C-6, C-8, and both methyl groups of citronellal are labeled. When 
CH,!4CO,H is used, C-1, C-3, C-5, and C-7 are labeled. : 


24.15 Start with squalene 2,3-epoxide, number the carbons of the main chain, and track these carbons through the 
biosynthetic pathway outlined in Mechanism 24.2. 


(b) The hydrogens that migrate in step 4 are those attached to C-14 and С-18 of squalene 2,3-epoxide. 


(c) The carbons at the C,D ring junction of cholesterol are C-14 and C-15 of squalene 2,3-epoxide. 
The methyl group that is eventually attached to C-14 was originally attached to C-15 and migrated to 
C-14 in step 4. 


(d) In the conversion of lanosterol to cholesterol in step 5, both methyl groups at C-2 are lost, as well as 
the methyl group at C-15. The methyl group at C-15 was originally attached to C-10 of squalene 
2,3-epoxide. 
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form bonds 24 
Step I C-2-C-7 

C-6-C-I1 

С-10-С-14 


Step 2 migration of C-10 
from C-14 to C-15 


Step 3 | form С-14–С-18 bond 


Step 4 methyl migrations: 
from C-10 to C-15 
lose proton from C-11 and from C-15 to C- 14 


hydride shifts: 
from C-14 to C-18 
and from C-18 to C-19 


several steps including: 
Step 5 


lose both methy] groups attached to C-2 
lose methyl group attached to С-15; this 
methyl group was originally attached to C-10 


747 


748 CHAPTER 24: Lipids 


24.16 By analogy with Problem 24.14, we can determine the distribution of MC (denoted by *) in squalene 


2,3-epoxide. Track the С labels through the biosynthetic scheme shown in Problem 24.15 to locate their 
position in cholesterol. 


Squalene 2,3-epoxide Cholesterol 


24.17 By analogy to the reaction in which 7-dehydrocbolesterol is converted to vitamin D4, the structure of vitamin 
D, can be deduced from that of ergosterol. 


7-Dehydrocholesterol Ergosterol 


| | 


Vitamin 123 Vitamin D3 


24.18 Crocetin and crocin both have the same 20-carbon conjugated polyene unit. The isoprene units are shown by 
the wavy lines in the structure below. Note the tail-to-tail link between isoprene units in the center. 


Tail-to-tail link 


R =H: Crocetin 
R = gentiobiose: Crocin 
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The six-membered ring bearing the aldehyde group in both safranal and picrocrocin is derived from two 


isoprene units. 


HO 
(0 0 
C HO. C 
`H ue ON “н 
HOC oe РО 
OH 
Picrocrocin 


Safranal 


24.19 (a) Fatty acid biosynthesis proceeds by the joining of acetate units. 
о о 


|| | || T 
CH4CSCoA CH3CCH2CSCoA — CH3(CH2)4CSCoA 


Acetyl coenzyme А _ Acetoacetyl coenzyme А _ Palmitoyl coenzyme A 


Thus, the even-numbered carbons will be labeled with 14C when palmitic acid is biosynthesized from 
'4CH,CO,H ("C is represented as +). 
CH;CH; CH;CH;CH;CH;CH;CH;CH;CH;CH;CH;CH;CH;CH;CO;H 


(b) As noted in text Section 24.6, arachidonic acid is the biosynthetic precursor of PGE,. The distribution of 
the 14C label in PGE, biosynthesized from !4CH,CO,H reflects the fatty acid origin of the 


prostaglandins. 


PGE) 
(c) The biosynthetic pathway leading to prostacyclin 1, (РОТ), like the pathway leading to PGE,, begins 


with arachidonic acid. 


HOC 
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(d) Limonene is a monoterpene, biosynthesized from acetate by way of mevalonate and isopentenyl 


diphosphate. 
* 
* 
* * 
HCH4CO;H Sopp 
„2 

* 

Acetic acid Isopentenyl Limonene 


diphosphate 


(e) The distribution of the 14C label in В carotene becomes evident once its isoprene units are identified. 


B Carotene 


24.20 The isoprene units in the designated compounds are shown by disconnections in the structural formulas. 


(a) Ascaridole: 


(b) Dendrolasin: 


(c) y Bisabolene 


SS "x or BS “ 


(4) а Santonin 
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(e) Tetrahymanol 


Tail-to-tail linkage 
of isoprene units 


HC CH; 
24.21 Of the four isoprene units of cubitene, three of them are joined in the usual head-to-tail fashion, but the fourth 


one is joined in an irregular way. 


isoprene unit to remainder 


NN | Irregular linkage of this 
of molecule 


24.22 (a) Cinerin Iis an ester, the acyl portion of which is composed of two isoprene units, as follows: 


YA 


Cinerin I 


(b) Hydrolysis of cinerin I involves cleavage of the ester unit. 


O 
О 
Cou + HO 
Su. 


Cinerin T (+)-Chrysanthemic 
acid 


Chrysanthemic acid has the constitution shown in the equation. Its stereochemistry is revealed by 
subsequent experiments. 


„О 
7 
— О НОС 
lou LO Í | 
COH 2. oxidation COH * CH3CCH; 
(+)-Chrysanthemic (—)-Caronic acid Acetone 


acid 
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Because caronic acid is optically active, its carboxyl groups must be trans to each other. (The cis 
stereoisomer is an optically inactive meso form.) The structure of (+)-chrysanthemic acid must therefore 
be either the following or its mirror image. 


The carboxyl group and the 2-methyl-1-propenyl side chain must be trans to each other. 


24.23 (a) Hydrolysis of phrenosine cleaves the glycosidic bond. The carbohydrate liberated by this hydrolysis is 
D-galactose. 


CHO 
CHOH H OH 
HO о OH 
H HO H 
OH H HO H 
H H H OH 
H OH 
CH;OH 


Phrenosine is a B-glycoside of D-galactose. 
(b) The species that remains on cleavage of the galactose unit has the structure 


CH3(CH2)xCH=CHCHOH © 
H—C—NHCCH(CH))CHs 


HOCH, OH 


The two substances, sphingosine and cerebronic acid, that are formed along with D-galactose arise by 
hydrolysis of the amide bond. 


CH3(CH;45CH—CHCHOH уч 
H—-C—NH, + HOCCH(CH2)21CH3 
HOCH; OH 
Sphingosine Cerebronic acid 


24.24 (a) Catalytic hydrogenation over Lindlar palladium converts alkynes to cis alkenes. 


| CH34(CH3; ,(CH3;COOH 
CH,CH3j,CEC(CHj;COOH + Н, 119980. JS. 
H H 
9-Octadecynoic acid (Z)-9-Octadecenoic acid (7496) 
(stearolic acid) (oleic acid) 


(b) Carbon-carbon triple bonds are converted to trans alkenes by reduction with lithium and ammonia. 


H 
1. Li, NH3 CH3(CH2). E e 


2. H* ^ 


CH4(CH5CEC(CH5,COOH К 
н (CH5COOH 


9-Octadecynoic acid (E)-9-Octadecenoic acid (97%) 
(stearolic acid) (elaidic acid) 
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(c) The carbon-carbon double bond is hydrogenated readily over a platinum catalyst. Reduction of the ester 
function does not occur. 


О О 
il li 
(Z-CHXCH;;CH-CH(CHj,COCH;CH, — >>  CH4CHj344COCH;CHs 
Ethyl (Z)-9-octadecenoate Ethyl octadecanoate (91%) 
(ethyl oleate) (ethyl stearate) 


(d) Lithium aluminum hydride reduces the ester function but leaves the carbon—carbon double bond intact. 


i | 

(2)-CH3(CH)sCHCH)CH=CH(CH;),COCH; ino (Z-CHs(CH)sCHCH;CH-CH(CH);CH;0H + CH30H 
OH OH 

Methyl (Z)-12-hydroxy-9-octadecenoate (Z)-9-Octadecen- 1,12-diol (52%) Methanol 


(methyl ricinoleate) 


(e) Epoxidation of the double bond occurs when an alkene is treated with a peroxy acid. The reaction is 
stereospecific; substituents that are cis to each other in the alkene remain cis in the epoxide, 


il || 
(Z-CH4(CH;CH—CH(CH;COOH + CHCOOH — SL, + CsHsCOH 
нун 
Oleic acid Peroxybenzoic cis-9,10-Epoxyoctadecanoic aeid Benzoic acid 
acid (62-67%) 


(f) Acid-catalyzed hydrolysis of the epoxide yields а diol; its stereochemistry corresponds to net anti 
dihydroxylation of the double bond of the original alkene. 


СНС) (СЊУСООН CHCH} 
No H,0* ар 
Cec, Ho oye Сон 
H H HO NDS 
О £ (CH3);COOH 
cis-9,10-Epoxyoctadecanoic acid 9.10-Dihydroxyoctadecanoic acid 


The product is chiral but is formed as a racemic mixture containing equal amounts of the 92,102 and 
95,105 stereoisomers when the starting epoxide is racemic. 


(g) Dihydroxylation of carbon-carbon double bonds with osmium tetraoxide proceeds with syn addition of 


hydroxyl groups. 
CH3(CH5y; (СНСООН 
- Н., Рн 
— (Z-CH«(CHS;CH—CH(CH;;COOH 1 050, (CH3)3COOH, HO- С=с e 
| НО OH 


9,10-Dihydroxyoctadecanoic acid 
(70%) 


The product is chiral but is formed as a racemic mixture containing equal amounts of the 98,105 and 
95,10R stereoisomets. 
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(h) Hydroboration—oxidation gives syn hydration of carbon-carbon double bonds with a regioselectivity 
opposite to Markovnikov's rule. The reagent attacks the less hindered face of the double bond of 
©. ршепе. 


Methyl group shields top 
face of double bond. 


N 
(4,0) CH; T x СНз 
1, В2Не, diglyme 
H c 2. НО», HO- HO 
Н.С 
Н 


B Hg attacks from LC Ha 
this direction. - 
Isopinocampheot (79%) 


(i) The starting alkene in this case is В pinene. As in the preceding exercise with а. pinene, diborane adds to 
the bottom face of the double bond. 


Methyl group shields top 


face of double bond. ~_,_ 
СНз НС (CH 
3 3 
1. В;Не, diglyme 
2. H202, НО“ HOCH; 
SEIN H 
B5Hg attacks from is-Myrtanol (81% 
this direction. cis:Myrtañol (3140) 


(j) The starting material is an acetal. It undergoes hydrolysis in dilute aqueons acid to give a ketone. 


H3O* 


2СН3ОН + 


(95% yield) 


24.25 (a) There are no direct methods for the reduction of a carboxylic acid to an alkane. A number of indirect 
methods that may be used, however, involve first converting the carboxylic acid to an alkyl bromide via 
the corresponding alcohol. 


1. LiAIH, HBr, heat 
DER CH34(CH2)gCH?OH —грвг, 


CH3(CH)16CO2H 


CH4(CH2)4 CH2Br 


Octadecanoic acid 1-Octadecanol 1-Bromooctadecane 
Once the alkyl bromide is in hand, it may be converted to an alkane by conversion to a Grignard reagent 
followed by addition of water. 


Но 
CH3(CH2)¢CH2Br 2 


CH3(CH>);6CH2MgBr CH3(CH3)16CH3 


Mg 
ee aol 
diethyl ether 
1-Bromooctadecane Octadecane 


Other routes are also possible. For example, E2 elimination from 1-bromooctadecane followed by 
hydrogenation of the resulting alkene will also yield octadecane. 
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(b) Retrosynthetic analysis reveals that the 18-carbon chain of the starting material must be attached to a 


benzene ring. 
€ Усни [> ¢ \- + —(CH))17CH; 


i-Phenyloctadecane 


The desired sequence may be carried out by a Friedel-Crafts acylation, followed by Cleminensen or 
Wolff-Kishnerr reduction of the ketone. 


О 
5ОС1› | benzene || 
СНу(СН:) СОН СНз(СНз) ССІ AICI; C(CH2)16CH3 
Octadecanoic acid Octadecanoyt chloride 1-Phenyl-1-octadecanone 
Zn(Hg), НС! 


СН:(СН›) СНз 


1-Phenyloctadecane 


(c) First examine the structure of the target molecule 3-ethylicosane. 


CH4(CH2)4CHCH;CH; 
CH;CH; 


Retrosynthetic analysis reveals that two ethyl groups have been attached to a Cj, unit. 


CHs(CHz)i(CH-CH;CH; С> CH4CH944CH— + 2CH4CH;— 
CH;CH; | 


The necessary carbon—carbon bonds can be assembled by the reaction of an ester with two moles of a 
Grignard reagent. 


OH 
i . diethyl eth | 
СНУ(СН)ьСОСН;СН; + 2CH;CH)MgBr у те ене СнзСН:лвССН:СН; 
Ethyl octadecanoate Ethylmagnesium 3-Ethyl-3-icosanol 


(from octadecanoic acid bromide 
and ethanol) 
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With the correct carbon skeleton in place, all that is needed is to convert the alcohol to the alkene. This 
can be accomplished by dehydration and reduction. 


OH 
| 
CH3(CH2)16CCH;CH; PO -  CH«CHjiC—CHCH, + СНУСНУ) SCH-CCH;CH; 
CHCH; CH;CH; CH)CH; 
3-Ethyl-3-icosanol 3-Ethyl-2-icosene 3-Ethyl-3-icosene 


Hh, Pt 


CH3(CHp)16CHCH2CH; 
CH;CH; 


3-Ethylicosane 


(d) Icosanoic acid contains two more carbon atoms than octadecanoic acid. 


CH4(CH2); COH > CHXCH;,s«CH9Br + СН›СО›Н 
Icosanoic acid 
A reasonable approach utilizes a malonic ester synthesis. 


NaOCH 2С Hs 


CH3(CH)\6CH2Br + CH(CO;CH;CH3); CH3(CH»)16CH2CH(CO2CH2CH3), 


1-Bromooctadecane Diethyl malonate Diethyl 2-octadecylmalonate 
[prepared as in part (a)] 


1. НОУ, НО 
2. H30* 
3. heat 


CH3(CH2),4CH?CH9CO;H 
Icosanoic acid 
(e) Lithium aluminum hydride reduction of octadecanamide gives the corresponding amine. The amide can 


be prepared from octadecanoic acid. 


1. SOC; 
2. NH; 


1. МАНА 
1. LIAH4 
2. H;O 


tI 
CH3(CH2), СОН CH3(CH2),5CNH; CH3(CH2);6CH,NH2 


Octadecanoic acid Octadecanamide 1-Octadecanamine 


(f) Chain extension can be achieved via cyanide displacement of bromine from 1-bromooctadecane. 
Reduction of the cyano group completes the synthesis. 


KCN e 1. LiAIH 
CH3(CH2) 16СНоВг CHa(CH246CH2CZN mug CH3(CH344CH5CH;2 NH; 
1-Bromooctadecane Nonadecanenitrile 1-Мопайесапатіпе 


[from рап (a)] 
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24.26 First acylate the free hydroxyl group with an acyl chloride. 


О 
i 
CH,OH CH;OCR 
i 
о О + RCCI о О 
НС CH; HC CH; 


Treatment with aqueous acid brings about hydrolysis of the acetal function. 


|| 
CH;OCR 


р i i 

О. 0 ARS. HOCH;CHCH;OCR + CH3CCH; 
OH 

HC CH; 


The two hydroxyl groups of the resultiug diol are then esterified with 2 moles of the second acyl chloride. 
D i т i 
HOCEIDCHCHODCR * 2R'CCI R'COCH;CHCH;OCR 
OH RECO 


24.27 The overall transformation 


РВ to ЗЕТИ 


requires converting the alcohol function to some suitable leaving group, followed by substitution by an 
appropriate nucleophile. 


РВг» „А „м. NaSCH; PW 
P ETT we Bp = 27 SCH; 


3-Methyl-3-buten-E-ol 4-Bromo-2-methyl- 3-Methyl-3-butenyl 
1-butene methyl sulfide 


As reported in the literature, tbe alcohol was converted to its corresponding p-toluenesulfonate and this 
substance was then used as the substrate in the nucleophilic substitution step to produce the desired sulfide in 
76% yield. 


24.28 The first transformation is an intramolecular aldol condensation. This reaction was carried out under 
conditions of base catalysis. 


О ЊЕ. ан 
NaOH -H0 
H20, ethanol HO 
О 
6-Methyl-2,5- (Not isolated) 3-Isopropyl-2- 


heptanedione cyelopentenone (71%) 
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The next step is reduction of a ketone to a secondary alcohol. Lithium aluminum hydride is suitable; it 
reduces carbonyl groups but leaves the double bond intact. 


О OH 
1. LiAlH4 
a eee: 
2. H0 
3-Isopropyl-2- 3-Isopropyl-2- 
cyclopentenone cyclopenten-1-ol (97%) 


Conversion of an alkene to a cyclopropane can be accomplished by using the Simmons-Smith reagent 
(iodomethylzinc iodide). 


OH OH 
CHI, 
Zn(Cu) 
3-Isopropyl-2- 5-Isopropylbicyclo[3.1.0]hexan-2-oi 
cyclopenten- i -ol (6696) 


Oxidation of the secondary alcohol to the ketone can be accomplished with any of a number of oxidizing 
agents. The chemists who reported this synthesis used chromic acid. 


OH О 
ЊСгО,, H2504 
H20, acetone 


5-[sopropylbicyclo- 5-Isopropylbicyclo[3.1.0]hexan-2-one 
[3.1.0]hexan-2-ol (89%) 


A Wittig reaction converts the ketone to sabinene. 


CH; 
t +» 
(CcH3;P— CH; Ф 


5-Isopropylbicyclo- Sabinene 
[3.1.0]hexan-2-one (70%) 


О 
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24.29 The first step is a 1,4 addition of hydrogen bromide to the conjugated diene system of isoprene. 


CH CH CH 
и pos [D^ 
BrjH + H;C-CCH-CH; CH3C &CHZ-CH, CH3C—CH-—CH;Br 
Hydrogen 2-Methyl- ве 1-Вгото-3- 
bromide 1,3-butadiene methyl-2-butene 


This is followed by Markovnikov addition of hydrogen bromide to the remaining double bond. 


сњ w Е 
+ 
CH;C=CHCH,Br HÍBr CH;CCH;CHjBr CHSCCH;CH;Br 
не о . Br 
-hr: 
1-Bromo-3- Hydrogen : 1,3-Dibromo-3- 
methyl-2-butene bromide methylbutane 


24.30 A reasonable mechanism is protonation of the isolated carbon-carbon donble bond, followed by cyclization. 


ДА њи Е < о 
| | 


H3-OSO;0H 


Ме 
i| co 
с lononc desc oon 
77 50 


В Jonone 


24.31 The double bond has a tendency to become conjngated with the carbonyl group. Two mechanisms аге more 
likely than any others under conditions of acid catalysis. One of these involves protonation of the double 
bond followed by loss of a proton from C-4. 
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The other mechanism proceeds by enolization followed by proton-induced double-bond migration. 


HC | : 
HO 


AP 
Ho ОН» 


ме 


HC 
H4O* 


H30* 


НС Н.С 
-Ht 
о AS * 
НН 


24.32 (a) Protonation of 2,7-dimethyl-2,6-octadiene forms а tertiary carbocation. This is followed by 
five-membered ring formation to give another tertiary carbocation. Loss of a proton then gives the 
alkene product. 


T 
+ НОВ 


2,7-Dimethyl-2,6-octadiene 


(b) The remaining two products are formed from the cyclic carbocation in the preceding mechanism. 
A carbocation rearrangement, a hydride shift, gives a second cyclic tertiary carbocation. Loss of a 
proton gives one of the two remaining products. 


s + 
zc C Бо + HOM 
H 
HC 9- N H H 
H H 
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The other cyclic product is formed from the second cyclic tertiary carbocation by another carbocation 


rearrangement, a methyl shift, followed by loss of a proton as sbown. 


4 cu H 4 
н он + OH + H—-ÓH, 
v 
seh —> — 
Н Н Н 


24.33 This mechanism involves steps that have been introduced in earlier chapters. Carbocation formation and 


tautomerism are both involved. 


H 
#03 
£^ ^ CH, H сн 
HO—C— C=C—OCH)CH; d apt uH: 
ni CH; Ei CH3 
x * но 
OH E OH 
H CH; CH3 


| \ 
НОО C—cec—OoCH;CH, *C—C-C—OCH;CH; 


= CH, PE 


+ Но 
E OH м, OH 
H H 
ee x Ра 
CH; ОН? CH; +0: 
ee N 
са С—осњсн, C—C-—C—OCH;CH4 
E CH3 РА СН» 


^ | n 


OH 
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CH; 
hy 


Ку СНз 


ES МИ OH 


OH 


H 
CH i i 
5 №: 
N = 
C—C-—C—OCH;CH; 


£ CH; | 


CH; 


| \ 


E CH; 
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C—C-—C—OCH;CH; 


* #50" 


N 
C—CH— C—OCH;CH; 


РА CH; 


+ н0 


H 
+9 —Н 
Es H 
OH w Он 
Н Он, 
à 
CH; 207 CH; 
| X 


\c=CH—C—OCH,CH; 


РА СН» 


ч, 


OH 


“он 


+ H,0* 


24.34 This involves the conversion of a carboxylic acid to an amide. Treating the acid with thionyl chloride, 
followed by ethylamine to give the amide, will not work because thionyl chloride will also react with the 


hydroxyl groups. 


The acid can be treated with methyl iodide in the presence of potassium carbonate in acetone. In this 
reaction, the acid is converted to a carboxylate anion, which then acts as a nucleophile in an 532 reaction 


(Table 8.1). Reaction of the ester with ethylamine gives the amide, bimatoprost. 
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CH4CH;NH; 
methanol 


Bimatoprost 


ANSWERS TO INTERPRETIVE PROBLEMS 


24.35 А; 24.36 D; 24.37 B; 2438 В; 24.39 С; 2440 A 


SELF-TEST 


І. Write a balanced chemical equation for the basic hydrolysis of tristearin. 


2. Both waxes and fats are lipids that contain the ester functional group. In what way do the structures of these 
lipids differ? 


dashed lines the isoprene units that make up each structure. 


(a) ө-Ріпепе: (c) Abietic acid: 


(b) Caryophyllene: 


Classify each of the following isoprenoid compounds as a monoterpene, a diterpene, and so on. Indicate with 
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4. Propose a series of synthetic steps to carry out the preparation of oleic acid [(Z)-9-octadecenoic acid] from 
compound A. You may use any necessary organic or inorganic reagents. 


О 
/ 
Hee cien 7 


О 


Compound А 


5. Write a mechanism for the biosynthetic pathway by which limonene is formed from geranyl diphosphate. 


2 


Geranyl diphosphate Limonene 


CHAPTER 25 


Amino Acids, Peptides, and Proteins 


SOLUTIONS TO TEXT PROBLEMS 


25.1 (b) L-Cysteine is the only amino acid in text Table 25.1 that has the R configuration at its chirality center. 


+ 
CO; NH, H 
NEN. ASCH: Н 
НН = SC-co; = 26-0, 
CH,sH | HSCH; H3N 


L-Cysteine 


The order of decreasing sequence rule precedence is 
+ 
H3N— > HSCH,— > —CO, > H— 


When the molecule is oriented so that the lowest-ranked atom (H) is held away from us, the order of 
decreasing precedence traces a clockwise path. 


CH;SH 
* z 
H4N^ “СО, 


Clockwise; therefore R 


configuration lies in the fact that the ~-CH2SH substituent is the only side chain that outranks 
— СО; according to the sequence rule. Remember, rank order is determined by atomic number 
at the first point of difference, and —-C—S outranks — C— О, En all the other amino acids, 

— CO, outranks the substituent at the chirality center. The reversal in the Cahn—Ingold—Prelog 


descriptor comes not from any change in the spatial arrangement of substituents at the chirality center 
but rather from a reversal in the relative ranks of the carboxylate group and the side chain. 
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(c) The order of decreasing sequence rule precedence in L-methionine is 
H3N— > —CO; > —CH;CH)SCH; > H— 
Sulfur is one atom farther removed from the chirality center, and so C—O outranks C—C—S. 
CO; H NH, 


ны 
CH;CHSCH, | CHa3SCH4CH, 


ill 
1 
Q 
е; 
S 


The absolute configuration is $. 


25.2 Fischer projections were discussed in Section 7.7 of the text. The following is the Fischer projection for 
(28,3R)-2-amino-3-hydroxybutanoic acid. 


CH, 
(2S,3R)-2-Amino-3-hydroxybutanoic acid 


25.3 The isoelectric point of an amino acid is midway between the pK, value of the zwitterion and its conjugate 
acid. For cysteine, the equilibria are 


рК pK, (side chain) pÉa 
= 1.96 = = 8.18 E = = 10.28 " 2 
HSCH,CHCO;H ===  HSCH;CHCO; = == SCH,CHCO; ===  'SCH;CHCO 
МН» МН: *NH; МН, 
Conjugate acid Zwitterion 
of zwitterion 


The isoelectric point of cysteine is the average of the pK, and pK, (side chain), or 5.07. 
25.4 The zwitterion form of tyrosine is shown 
но—{ У сваснсог 
+МН, 


Zwitterion form 
of tyrosine 


As the pH is raised, protons are lost from both the ammonium group and the phenolic hydroxyl group to 


form a dianion. 
ok S—cuanicor 


NH; 


Dianion form 
of tyrosine 
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25.5 To convert 3-methylbutanoic acid to valine, a leaving group must be introduced at the œ carhon prior to 


displacement by ammonia. This is best accomplished by bromination under the conditions of the 
Hell-Volhard-Zelinsky reaction. 


(CH4J,CHCH;CO;H ER (CH); CHCHCO;H MES (CH), CHCHCO; 
Br МН. 
3-Methylbutanoic 2-Bromo-3-methylbutanoic Valine 


acid acid 


Valine has been prepared by this method. The Hell- Volhard-Zelinsky reaction was carried out in 88% yield, 
but reaction of the о-Бгото acid with ammonia was not very efficient, valine being isolated in only 48% 
yield in this step. 


25.6 In the Strecker synthesis, an aldehyde is treated with ammonia and a source of cyanide ion. The resulting 
amino nitrile is hydrolyzed to an amino acid. 


i 1. H3O*, heat à 

(CH)jCHCH —u— (CHs),CHCHC=N ee (CHs),CHCHCO; 
NH; На 

2-Methylpropanal 2-Amino-3- Valine 


methylbutanenitrile 
As actually carried out, the aldehyde was converted to the amino nitrile by treatment with an aqueous 
solution containing ammonium chloride and potassium cyanide. Hydrolysis was achieved in aqueous 


hydrochloric acid and gave valine as its hydrochloride salt in 65% overall yield. 


25.7 The alkyl halide with which the anion of diethyl acetamidomalonate is treated is 2-bromopropane. 


|| N CI il 
CH4CNHCH(CO;CH;CHg), + (CH3);CHBr or CH;CNHC(CO;CH;CH;); 
CH(CH3); 
Diethyl acetamidomalonate 2-Bromopropane Diethyl 


acetamidoisopropylmalonate 


This is the difficult step in the synthesis; it requires a nucleophilic suhstitution of the 5,2 type involving a 


secondary alkyl halide. Competition of elimination with substitution results in only a 37% observed yield of 
alkylated diethyl! acetamidomalonate. 


Hydrolysis and decarboxylation of the alkylated derivative are straightforward and proceed in 85% yield to 
give valine. 


О 
CH;CNHC(CO;CH;CH)); DU HNC(COpH)p == H3NCHCO; 
CH(CH3); СН(СНз) CH(CH3)2 
Diethyl 2-Aminoisopropylmalonic Valine 
acctamidoisopropylmalonate acid 


The overall yield of valine (31%) is the product of 37% x 85%. 


CHAPTER 25: Amino Acids, Peptides, and Proteins 


25.8 Ninhydrin is the hydrate of a triketone and is in equilibrium with it. 


О O 
OH 
—_— О + WO 
OH 
О О 


Triketo form of 


Hydrated form of ninhydrin 


ninhydrin 


An amino acid reacts with this triketone to form an imine. 


О О 
x: HO- - 
O + RCHCOy; —"— NCHCO; 
*NH3 R 
О О 
Triketo form of a-Amino acid Imine 
ninhydrin 


This imine then undergoes decarboxylation. 


О 


x 


О 
CH cL CHR 
2 VM TM 


О [9] 


The anion that results from the decarboxylation step is then protonated. 'The product is shown as its diketo 
form but probably exists as an enol. 


Hydrolysis of the imine function gives an aldehyde and a compound having a free amino group. 


О 


N=CHR | NH; 
+ + 


i 
но RCH 
H 


О 


This amine then reacts with a second molecule of the triketo form of ninhydrin to give an imine. 


| О 
О О О 
NH; N 
+ О ——— 
H H 
| Ó 
О О О 


CHAPTER 25; Amino Acids, Peptides, and Proteins 769 


Proton abstraction from the neutral imine gives its conjugate base, which is a violet dye. 


О 
О О O 
N 
О = 


Violet dye 


25.9 The carbon that bears the amino group of 4-aminobutanoic acid corresponds to the o carbon of an 
о-атіпо acid, glutamic acid. 


(св СНС arises by decarboxylation of | O;CCHCH;CH;COz 
*NH; | +єН; 


4-Aminobutanoic acid Glutamic acid 
25.10 The conversion of 3,4-dihydroxyiphenylalanine to dopamine is catalyzed by an amino acid decarboxylase. 


OH 
HO 


NH; 


3,4-Dihydroxylphenylalanine Dopamine 
(L-dopa) 


25.11 In transamination, the ketone carbonyl of an o-keto acid and the a-amine group of an amino acid effectively 
trade places by the steps outlined in text Mechanism 25.2. Thus, the transamination reaction of œ-ketoglutaric 
acid with L-aspartic acid yields L-glutamic acid and oxaloacetic acid. 


" | ENS Я 4 s [MR 
O;CCH;CH;CCO,; ` + O;CCH;CHCO; O;CCH;CH;CHCO) +  O;CCH;CCO; 
*NH; "мн; 


a-Ketoglutaric L-Aspartic acid L-Glutamic acid Oxaloacetic 
acid acid 


25.12 (b) Alanine is the N-terminal amino acid in Ala-Phe. Its carboxyl group is joined to the nitrogen of 
phenylalanine by a peptide bond. 


i 
H;NCHC-NHCHCO; AF 
CH3. ОС 


Alanine 


r 
i 
1 
| Phenylalanine 
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(d) 


(е) 


f) 


25.13 (b) 


CHAPTER 25: Amino Acids, Peptides, and Proteins 


The positions of the amino acids are reversed in Phe-Ala. Phenylalanine is the N terminus and alanine is 
the C terminus. 


i 
H3NCHC—NHCHCO; FA 
Соњу. 8 


' 
Phenylalanine; Alanine 
, 


The carhoxyl group of glycine is joined by a peptide bond to the amino group of glutamic acid. 


О 
+ || 
H3NCH;C—NHCHCO; GE 
i CH3CH;CO; 
Glycine Glutamic acid 


The dipeptide is written in its anionic form because the carboxyl group of the side chain is ionized at 
pH 7. Alternatively, it could have been written as a neutral zwitterion with a CH,CH,CO,H side chain. 


The peptide bond in Lys-Gly is between the carboxyl group of lysine and the amino group of glycine. 


+ || 
H4NCHC—NHCH;CO; KG 
+ 
Ha3NCH;CH;CH;CH; 


Lysine Glycine 


The amino group of the lysine side chain is protonated at pH 7, and so the dipeptide is written here in its 
cationic form. It could have also been written as a neutral zwitterion with the side chain 
H,NCH,CH,CH,CH). 


Both amino acids are alanine in D-Ala-D-Ala. The fact that they have the D configuration has no effect on 
the constitution of the dipeptide. 


+ | 
HsNCHC--NHCHCO?" D-A-D-A 
CH; CH; 


Alanine Alanine 


When amino acid residues in a dipeptide are indicated without a prefix, it is assumed that the 
configuration at the o-carbon atom is L. For all amino acids except cysteine, the L configuration 
corresponds to 5. The stereochemistry of Ala-Phe may therefore he indicated for the zigzag 
conformation as shown. 


о CHCH; 
+ Н 
НМ а 
Хх ‘м S005 
Hc H H 


The L configuration corresponds to 5 for each of the chirality centers in Ala-Phe. 
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25.14 


25.15 


25.16 


(c) Similarly, Phe-Ala has its suhstituent at the N-terminal amino acid directed away from us, whereas the 
C-terminal side chain is pointing toward us, and the L configuration corresponds to 5 for each chirality center. 
Onc H 


Нам NE 
x^ УМ "CO; 


сен н H 
(d) There is only one chirality center in Gly-Glu. It has the L (or 5) configuration. 
О CH;CH;CO; 
+ „Н 
М 
H 


CO» 


(e) In order for the N-terminal amino acid in Lys-Gly to have the L (or S) configuration, its side chain must 
be directed away from us in the conformation indicated. 


О 


+ 
Н 
А ай айе эла 


m 


H,NCH,CH,CH,CH,H H 


(f) The configuration at both a-carbon atoms in D-Ala-D-Ala is exactly the reverse of the configuration of 
the chirality centers in parts (a) through (e). Both chirality centers have the D (or R) configuration. 


O H CH; 


T 
ПАМ S = 
X ^N/ "CO, 


н CuH 


Figure 25.5 in the text gives the structure of leucine enkephalin. Methionine enkephalin differs from it only 
with respect to the C-terminal amino acid. The amino acid sequences of the two pentapeptides are 


Tyr-Gly-Gly-Phe-Leu Tyr-Gly-Gly-Phe-Met 
Leucine enkephalin Methionine enkephalin 


The peptide sequence of a polypeptide can also be expressed using the one-letter abbreviations listed in text 
Table 25.1. Methionine enkephalin becomes YGGFM. 


The structure of oxytocin is given in Figure 25.6. The amino acids present are Cys, Tyr, Ile, Gln, Asn, Pro, 
Leu, and Gly-NH, (the amide of glycine). The number of negative charges is zero because the C-terminal 
amino acid (Оју-МН) is an amide, not a carboxylic acid, and попе of the other amino acids has an acidic 
side chain. The N-terminal amino acid (cysteine) has a positively charged nitrogen. Therefore, the net charge 
of oxytocin is +1. 


The two amino acids аге L-proline and N-methy!-D-leucine. The proline is derivatized as an amide of 
(S)-lactic acid. The leucine found in didemnin B is b-leucine, the enantiomer of L-leucine, and it is 


methylated at the nitrogen. 


А» Jo 


(S)-Lactic acid 
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25.17 Twenty-four tetrapeptide combinations are possible for the four amino acids alanine (A), glycine (G), 
phenylalanine (F), and valine (V). Remember that the order is important; AG is not the same peptide as 
GA. Using the one-letter abbreviations for each amino acid, the possibilities are 


AGEV AGVF AFGV AFVG AVGF AVFG 
GAFV GAVF GFAV GFVA GVFA GVAF 
FAGV FAVG FVAG FVGA FGAV FGVA 
VAGF VAFG VGAF VGFA VFAG VFGA 


25.18 Chymotrypsin cleaves a peptide selectively at the carboxyl group of amino acids that have aromatic side 
chains. The side chain of phenylalanine is a benzyl group, CH;CH;—. If tbe dipeptide isolated after 


treatment with chymotrypsin contains valine (V) and phenylalanine (F), its sequence must be VF. 


О О О О 
|| | 5 | lj 
HaÑCHC-NHÇHC Rest of peptide | 220%, H3NCHC—NHCHCO™ + | Rest of peptide 


(CH3)2CH CH2C&Hs (CH35CH CH2C6H5 
Valine Phenylalanine Valinylphenylalanine (VF) 
The possible sequences for the unknown tetrapeptide are VFAG and УРСА. 


25.19 The Edman degradation removes the N-terminal amino acid, which is identified as a phenylthiohydantoin 
(PTH) derivative. The first Edman degradation of Val-Phe-Gly-Ala gives the PTH derivative of valine; the 
second gives the PTH derivative of phenylalanine. 


Colts Calls 
first N second N 
Р $ О А S О 
Val-Phe-Gly-Ala Edman degradation. Phe-Gly-Ala + d Edman degradation үз, ida Ex d 
HN HN 
CH(CH3); CH5;C&H, 


25.20 Leucine and isoleucine are isomers. Therefore, they have the same molecular weight and the same m/z value. 


25.21 Lysine has two amino groups. Both amino functions are converted to amides on reaction with 
benzyloxycarbonyl chloride. 


il 
о CeHsCH;OCNHCHCO;H 
HNCHCO; + 2CgH.CH;OCCl CeH;CH;OCNHCH;CH;CH;CE; 
H;NCH;CH;CH;CH; 


25.22 (a) The anion formed from the reaction of 9-fluorenylmethoxycarbonylalanine and ammonia dissociates to 
give dibenzofulvene, carbon dioxide, and alanine. 


QO — Q -o pa 


(~ CO; 
A | CH; 
CO; 
Anion of 9-fluorenylmethoxycarbonylalanine Dibenzofulvene Carbon Alanine 


dioxide 
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(b) The anionic intermediate that is formed by cleavage of the dibromo FMOC group is stabilized by the two 
electronegative bromine atoms. 


8 2 


H 


25.23 The peptide bond of Ala-Leu connects the carboxyl group of alanine and the amino group of leucine. 


25.24 


We therefore need to protect the amino group of alanine and the carboxyl group of leucine. 


Protect the amino group of alanine as its benzyloxycarbonyl derivative. 


+ H | 
HNCHCO; + CsH3CH,0CCI CeHSCH;OCNHCHCO?H 
CH; CH, 
Alanine Benzyloxycarbonyl Z-Protected alanine 
chloride 
Protect the carboxyl group of leucine as its benzyl ester. 
t = I. H*, heat 
H3NCHCO,” + CsHs;CH,OH >a" H;NCHCO;CH;C4Hs 
(CH4;CHCH; (CH43CHCH; 
Leucine Benzyl alcohol Leucine benzyl ester 


Coupling of the two amino acids is achieved by N,N‘-dicyclohexylcarbodiimide (DCCI)-promoted amide 
bond formation between the free amino group of leucine benzyl ester and the free carboxyl group of 
Z-protected alanine. 


О 
i i i i i 
CeHCH,OCNHCHCO;H + HyNCHCOCH,CoH pest CeHSCH;OCNHCHCNHCHCOCH;CéHs 
CH; (CH3CHCH; CH, — CH;CH(CH3); 
Z-Protected alanine Leucine benzyl ester Protected dipeptide 


Both the benzyloxycarbonyl protecting group and the benzyl ester protecting group may be removed by 
hydrogenolysis over palladium. This step completes the synthesis of Ala-Leu. 


i i i i 
CcHsCH;OCNHCHCNHCHCOCH;CoHs нь H,NCHCNHCHCO; 
CH,  CH;CH(CH4 CH, CH)CH(CH3), 


Protected dipeptide Ala-Leu 


The urea that is produced in the coupling reaction of a protected amino acid and a carboxylic acid witb EDCI 
is 1-(3-(dimethylamino)propyl)-3-ethy urea. 


i 
CH4CH;NH-C-NHCH;CH;CH;N(CH3); 


1-(3-(Dimethylamino)propyl)-3-cthyiurea 
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25.25 Amino acid residues are added by beginning at the C terminus in the Merrifield solid-phase approach to 
peptide synthesis. Thus, the synthesis of Phe-Gly requires glycine to be anchored to the solid support. Begin 
by protecting glycine as its tert-butoxycarbonyl (Boc) derivative. 


i 
(CH;);COCNHCH,CO,H 


i 
(CH3);COCCl + Hj4NCH;CO; 


tert-Butoxycarbonyl Glycine Boc-protected glycine 
chloride 


The protected glycine is attached via its carboxylate anion to the solid support. 


i i i 
(CH;);COCNHCH,CO,H (CH43COCNHCH;COCH;—resin 


1, НО“ 
2. CICH»;-resin 
Boc-protected glycine 


The amino group of glycine is then exposed by removal of the protecting group. Typical conditions for this 
step involve treatment with hydrogen chloride in acetic acid. 
О 


i i i 
(CH;)3COCNHCH,COCH)—resin HjNCH;COCH;—resin 


Ht 
acetic acid 
Boc-protected, resin-bound glycine Resin-bound glycine 


To attach phenylalanine to resin-bound glycine, we must first protect the amino group of phenylalanine. 
A Boc protecting group is appropriate. 


| + ü | 
(CH3);COCC] + H3NCHCO3" (CH3);COCNHCHCO>H 
CH CsHs CH;C4Hs 
teri-Butoxycarbonyl Phenylalanine Boc-protected phenylalanine 


chloride 


Peptide bond formation occurs when the resin-bound glycine and Boc-protected phenylalanine are combined. 


in the presence of DCCI. 
il | . DCCI {| || | . 
(CH);COCNHCHCO;H + HNCH;COCH;—resin (CH); COCNHCHCNHCH;COCH, —resin 
CH-C6H5 CH2C6H5 
Boc-protected phenylalanine Resin-bound glycine Boc-protected, resin-bound Phe-Gly 


Remove the Boc group with НС! and then treat with HBr in trifluoroacetic acid to cleave Phe-Gly from the 
solid support. 


1. HCI, acetic acid Е 
2. HBr, trifluoroacetic acid 


j 
H;NCHCNHCH;CO; 
CH;Clls 


i i i 
(СНА) СОСМНСНСКИСНСОСН; —resin 
CH;CéH; 


Boc-protected, resin-bound Phe-Gly Phe-Gly 
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25.26 Examining the structure of a single strand of the pleated sheet made up of Ala-Ala-Ala-Ala reveals that the 
methyl groups alternate up, down, up, down. 


H CH3 H оң CHH 
+ AN Ж. „М. CO 
H3N N 8 


$ | = 
O H CHH O HCH; 
Ala-Ala-Ata-Ala 


25.27 A similar salt bridge to the one shown in text Table 25.4 can form between lysine and glutamic acid. 


Lysine Glutamic acid 


25.28 The protonated form of imidazole represented by structure A is stabilized by delocalization of tbe lone pair of 
one of the nitrogens. The positive charge is shared by both nitrogens. 


H H, 

N о М о 
NS P ВЕСНЕ” еа. OA 
HN E НМ: bn ON. 

NH T 


A 


The positive charge in structure B is localized on a single nitrogen. Resonance stabilization of the type shown 
in structure A is not possible; thus, structure A is the more stable protonated form. 


H 
H 
W^ P 
Г CHCHC^ 
HNŽ [OW 
NH 
x 
B 


25.29 Disconnections reveal the biosynthetic precursors of penicillin to be cysteine and valine. 


Нм 


CH; HN CH 
N. у + 
o CH; E СО; and T 
COH 


CO, 


Penicillin Cysteine Valine 
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25.30 (a) The amino acid in the problem is valine [В  CH(CH 3); ]. А is the zwitterion of valine; В is its 
conjugate base. The pK; for deprotonation of the ammonium ion, from text Table 25.2, is 9.62. We can 
use the Henderson-Hasselbalch equation (text Section 18.4) to determine the ratio of the zwitterion (A) 
to the conjugate base (B). 


КА pK ados [conjugate base] 


[acid] 
[B] 
pH = pKa + log [Al 
[B] 
log [A^ pH - рКа 
IB] ва pee 
log [А] = 7.00 —9.62 =— 2.62 
TBI _ 192 = 2.40 x 197? 
[A] 
ГА] сани СРИ =417 


[B] 240 x10 


(b) The maximum concentration of the zwitterion (A) is found at the isoelectric point, pI. The pH where the 
concentration of A is at a maximum is 5.96. 


25.31 Sulfanilic acid contains both an acidic sulfonic acid functional group and a basic amino group. The structure 


of the zwitterion is 
+ me 


Zwitterion of 
sulfanilic acid 


25.32 From the molecular formulas and net charges given in the text, the structures of citrulline, ornithine, and 
putrescine can be determined. 


О 
Д. CO; * coy 
iN WU УУ к HAN Cv x 
HIN H HN H 
N + 
Citrulline Ornithine 
+ 
+ NN № 
H3N 
Putrescine 


25.33 The following outlines a synthesis of В alanine in which conjugate addition to acrylonitrile plays а key role. 


NH; H,0, HO- 


heat 


H,C=CHC=N H;NCH)CH,C=N H4NCH;CH;CO; 


Acrylonitrile 3-Aminopropanenitrile В Alanine 


Addition of ammonia to acrylonitrile has been carried out in modest yield (31-33%). Hydrolysis of the 
nitrile group can be accomplished in the presence of either acids or bases. Hydrolysis in the presence of 
Ba(OH), has heen reported in the literature to give В alanine ір 85-90% yield. 
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25.34 (a) The first step involves alkylation of diethyl malonate by 2-bromobutane. 


CH;CH,CHCH, + :CH(COOCH;CH4); CH;CH;CHCH(COOCH;CH;); 
Br CH; 


2-Bromobutane Anion of diethyl malonate Compound A 


In the second step of the synthesis, compound A is subjected to ester saponification. Following 
acidification, the corresponding diacid (compound B) is isolated. 


CH;CH;CHCH(COOCH;CH;); IIR CH;CH;CHCH(COOH); 
CH; CH; 
Compound A Compound B (С7Н 1204) 


Compound В is readily brominated at its t-carbon atom by way of the corresponding enol form. 


H 
О O o О О 
i m L 
2С 
HOC ӨЛ SOHO zem НО” "c? ^он Bre но” 7С “он 
H B 
сео CH;CH;CH CEBCEDEH r 
CH; CH; CH; 
Compound B Enol form Compound C 
(C;H;BrO4) 


When compound C is heated, it undergoes decarboxylation to give an o-bromo carboxylic acid. 


CH3CHaCH—C(COOH), heat CH;CH;CH-CHCOOH + CO, 
CH; Br СНз Br 
Compound C Compound D Carbon dioxide 


Treatment of compound D with ammonia converts it to isoleucine by nucleophilic substitution. 


GERETUCH -CHCOQH * NH; CH3CH,CH—CHCO,~ 
CH3 Br СНУ NH; 
Compound D Isoleucine (racemic) 
(b) The procedure just described can be adapted to the synthesis of other amino acids, The group attached to 


—— ще a-carbon atom is derived from the alkyl halide-used to alkylate diethyl malonate, Benzyl bromide 
(or chloride or iodide) would be appropriate for the preparation of phenylalanine. 


Cc;H5CH3Br CgH5CH;CHCO;- 
"NH, 
Benzyl bromide Phenylalanine 


(racemic) 
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25.35 Acid hydrolysis of the triester converts all its ester functions to free carboxyl groups and cleaves both amide 


bonds. 
о D 
CHICOUCHIECES ЕИ . CEDCOOH Фен 
N—C(COOCH;CH;b + 50 H4N—C(COOH)» + 
C—OH 
У б 


The hydrolysis product is a substituted derivative of malonic acid and undergoes decarboxylation on being 
heated. The product of this decarboxylation is aspartic acid (in its protonated form under conditions of acid 
hydrolysis). 
CH,COOH SEDEDOH 
+ + 
H4N-C(COOHy  — 2 H4N-CHCOOH + CO; 


Aspartic acid Carbon 
dioxide 


Aspartic acid is chiral but is formed as a racemic mixture, so the product of this reaction is not optically 
active. The starting triester is achiral and cannot give an optically active product when it reacts with optically 
inactive reagents. 


25.36 (a) Nitration occurs ortho to the ortho, para-directing, strongly activating OH group. 


ON 
_ HNO, Е 
HO СЊСНСО; — —- HO CH;CHCO; 
| + HSO; | 
* NH5 МН; 
Tyrosine 3-Nitrotyrosine 


(b) The phenolic OH is alkylated with allyl bromide to give an O-allyl ether. In the second step, a methyl 
ester is converted to an amide by reaction with ammonia. In the following structural formulas, the 
Boc protecting group is shown in detail. 


О О 
У Сх H3C — CHCH;Br en 
| и НЗ Со DMF E) 3 
NHB NHCOC(CH 
HO m HC — CHCH;O foes 
О 
Ср МО 
NH, CH,OH 
о 
3 NH) 
HC — СНСН›О H Do Hd 


CyjHo4N204 
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(c) With both chlorine atoms in ortho-para relationships with three nitro groups, the aryl halide is especially 
reactive to nucleophilic aromatic substitution. The molecular formulas of the products indicate both 
halogens are replaced by glycines. 


ON Cl ОМ NHCH5CO;Na 
+ х, NaCO; 
HNCH CO7 + NO; CREER МО; Ср а о у) 
ОМ СІ ОМ NHCH2CO2Na 
на | H,0 


ON МНСЊСОН 
CioHoN5O 0 
МО» 
ON МНСН›СО›Н 


25.37 The amino acids are valine (Val), asparagine (Asn), alanine (Ala), glutamic acid (Glu), and phenylalanine 
(Phe). There is modified leucine between the Asn and Ala residues that has the linker 
CH(OH)CH,CH(CH;). 


ate O ~ О 
HN О 


Рће | Glu 


25.38 (a) The cyclization reaction is facilitated by the good leaving group, methyl thiocyanate. 
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(b) The hydrolysis reaction occurs as shown. 
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25.39 This seems like a long mechanism, but much of it is simply acyl transfer reactions that occur through 
tetrahedral intermediates, just like the ones in Chapter 19. 


HN peptide 2 


би“ 
+ LM —— 
SR HN peptide 2 | peptide 1 | | peptide 1 | 2 


Өн, 
HN peptide 2 


qi) 


* 


SER du 


терде} Š CS 
© HNS | peptide 2 | 2 


"UO HN peptide 2 


gr Ns SH 
S: 5 
:0: "НОВ :0: 


peptide 1 N peptide 2 


25.40 The amino acids leucine, phenylalanine, and serine each have one chirality center. 


peptide 1 N peptide 2 


RCHCO, Leucine: К = (CH3;CHCH; 
+ Phenylalanine: Е = СНС 
NH; Serine: Е = HOCH; 


When prepared by the Strecker synthesis, each of these amino acids is obtained as а racemic mixture 
containing 50% of the D enantiomer and 50% of the L enantiomer. 


О 
i 
RCH + NH; + HCN 


+ 
RCHC=N FO RCHCO; 
| eat | 


NH; *NH; 
_ Chiral, but racemic 


Thus, preparation of the tripeptide Leu-Phe-Ser will yield a mixture of 23 (eight) stereoisomers. 


D-Leu-D-Phe-D-Ser L-Leu-L-Phe-L-Ser 
D-Leu-D-Phe-L-Ser L-Leu-L-Phe-D-Ser 
D-Leu-L-Phe-D-Ser L-Leu-D-Phe-L-Ser 


D-Leu-L-Phe-L-Ser L-Leu-D-Phe-D-Ser 
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25.41 Asparagine and glutamine each contain an amide function in their side chain. Under the conditions of peptide 
bond hydrolysis that characterize amino acid analysis, the side-chain amide is also hydrolyzed, giving 
ammonia. 


О 
|| || 
H,NC CH НС + HO —- МН. + HOCCH CACO? 
*NH4 УНА 
Asparagine Water Ammonia Aspartic acid 


| || 
E,NCCH;CH;CHCO; + НО NH; + HOCCH;CH;CHCO;" 
*NH3 "на 


Glutamine Water Ammonia Glutamic acid 


25.42 (a) 1-Fluoro-2,4-dinitrobenzene reacts with the amino group of the N-terminal amino acid in a nucleophilic 
aroinatic substitution reaction of the addition—elimination type. 


70 7 п 
ON Е + H,NCHCNHCH;CNHCHCO;- NHCHCNHCH,CNHCHCOJH 
(CH3),CHCH) CH;OH (CH3),CHCH) CH;OH 
1-Fluoro-2,4- Leu-Gly-Ser DNP-Leu-Gly-Ser 
dinitrobenzene 


(b) Hydrolysis of the product in part (a) cleaves the peptide bonds. Leucine is isolated as its 2,4- 
dinitrophenyl (DNP) derivative, but glycine and serine are isolated as the free amino acids. 


ON МО; ОМ. Z NO; 
i + = + " 
XX е о hydrolysis, CX © + HsNCH,CO; + HsNCHCO; 
NHCHCNHCH;CNHCHCO3H 


NHCHCOH CH,0H 
(CH3)2CHCH) CHOH (CH3);CHCH; 
DNP-Leu-Gly-Ser DNP-Leu Gly Ser 


(c) Phenyl isothiocyanate is a reagent used to identify the N-terminal amino acid of a peptide by the Edman 
degradation. The N-terminal amino acid is cleaved as a phenylthiohydantoin (PTH) derivative, the 
remainder of the peptide remaining intact. 


сена 
N 
+ | Ш zt i =C= 5 О + || E 
H;NCHCNHCHCNHCHCO; тя id + HiNCHCNHCHCO; 
CH,CH,CH СН;  CH;CgHs HN CH;  CH;CgH, 
| | CHCH;CH; | 
CH; CH,CO2H | à CH;COH 
CH; 
WEE PTH derivative of Glu-Phe 


isoleucine 
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(d) Benzyloxycarbonyl chloride reacts with amino groups to convert them to amides. The only free amino 
group in Asn-Ser-Ala is the N terminus. The amide function of asparagine does not react with 
benzyloxycarbonyl chloride. 


О О 
|| | || || || | 
H;NCHCNHCHCNHCHCO; + CgH4CH5OCCI CeHSCH,OCNHCHCNHCHCNHCHCO;H 
12 CH CH; гн; CH; CH; 
C OH C OH 
07 “мн, O^ “мн, 
Asn-Ser-Ala Benzyloxycarbonyl Z-Asn-Ser-Ala 


chloride 


(e) The Z-protected tripeptide formed in part (d) is converted to its C-terminal p-nitrophenyl ester on 
reaction with p-nitrophenol and N, N'-dicyclohexylcarbodiimide (DCCI). 


О 
i i | 
CeHSCH;OCNHCHCNHCHCNHCHCOSH + oN—( )—oH 
CH, CH, CH, 


Z-Asn-Ser-Ala p-Nitrophenol 


DCCI 


NUN EE 
санон.оемненснснсунснсо—@ =n, 


сн; CH CH; 
C OH 
О“ ~ NH; 


Z-Asn-Ser-Ala p-nitrophenyl ester 
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(f) The p-nitrophenyl ester prepared in part (e) is an "active" ester. The p-nitrophenyl group is a good leaving 
group and can be displaced by the amino nitrogen of valine ethyl ester to form a new peptide bond. 


i i i | i 
савксњобкисиемиснСмиснбо–( _`у—но, + HNCHCOCH;CH, 


CH, CH; Сн CH(CH3); 
C OH 
> чм 
О NH2 
Z-Asn-Ser-Ala p-nitrophenyl ester Valine ethyl ester 


|| || || || {| 
CeH;CH;OCNHCHCNHCHCNHCHCNBCHCOCH;CHs 
CH СН; СНз  CH(CH3) 
„С. OH 
О“ “мн, 
Z-Asn-Ser-Ala-Val ethyl ester 


(2) Hydrogenolysis of ће Z-protected tetrapeptide ester formed in part (f) removes ће Z protecting group. 


|| | || | | i || || || 
CoH;CH;OCNHCHCNHCHCNHCHCNHCHCOCH;CH; ны HNCHCNHÇHCNHÇHCNHÇHCOCH:CH; 
CH, CH CH,  CH(CH3 CH; CH, CH, CH(CH3 
C OH C OH 
O^ "NH; 02 NNB, 
Z-Asn-Ser-Ala-Val ethyl ester Asn-Ser-Ala- Val ethyl ester 


25.43 (a) Trypsin catalyzes the hydrolysis of peptide bonds involving the carboxyl group of a lysine (K) or 
arginine (R) residue. The primary sequence of a peptide is written from the N terminus on the left to the 
C terminus on the right, so the cleavages are to the right of K and R. 


AQDDYR 4-YIHFLTQHYDAK+ PKGR+ NDEYCFNMMK 
Trypsin-catalyzed cleavage occurs at the points indicated. 


(b) Chymotrypsin-catalyzed cleavage is selective for peptide bonds involving the carboxyl groups (that is, to 
the right) of amino acids with aromatic side chains: phenylalanine (F), tyrosine (Y), and tryptophan (W). 


AQD ру RY-HE+LTQHY$DAKPKGRNDEY+ CF-ENMMK 
Chymotrypsin-catalyzed cleavage occurs at the points indicated. 


25.44 Somatostatin is a tetradecapeptide and so is composed of 14 amino acids. The fact that Edman degradation 
gave the PTH derivative of alanine identifies this as the N-terminal amino acid. A major piece of 
information is the amino acid sequence of a hexapeptide obtained by partial hydrolysis: 


Ala-Gly-Cys-Lys-Asn-Phe 
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Using this as a starting point and searching for overlaps with the other hydrolysis products gives the entire 
sequence. 
Ala-Gly-Cys-Lys-Asn-Phe 
Asn-Phe-Phe-Trp-Lys 
Phe-Trp 
Lys-Thr-Phe 
Thr-Phe-Thr-Ser-Cys 
Thr-Ser-Cys 
Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys 
12 3 4 5 6 7 8 9 10 11 12 13 14 


The disulfide bridge in somatostatin is between cysteine 3 and cysteine 14. Thus, the primary structure is 


Lys-Asn-Phe-Phe-Trp-Lys 

Ala-Gly-Cy&. | 

S-S-Cys-Ser-Thr-Phe-Thr 

25.45 It is the C-terminal amino acid that is anchored to the solid support in the preparation of peptides by the 
Merrifield method. Refer to the structure of oxytocin in Figure 25.6 of the text and note that oxytocin, in 
fact, has no free carboxyl groups; all the acyl groups of oxytocin appear as amide functions. Thus, the 
carboxyl terminus of oxytocin has been modified by conversion to an amide. There are three amide 


li 
functions of the type CNH2, two of which belong to side chains of asparagine and glutamine, respectively. 
O 


|| 
The third amide belongs to the C-terminal amino acid, glycine, —NHCH,COH, which in oxytocin has 


| 
been modified so that it appears as —МНСН2СМНо. Therefore, attach glycine to the solid support in the 
first step of the Merrificid synthesis. The carboxyl group can be modified to the required amide after all 
the amino acid residues have been added and the completed peptide is removed from the solid support. 


ANSWERS TO INTERPRETIVE PROBLEMS 


25.46 A; 25.47 С; 25.48 B; 25.49 D; 25.50 C; 25.51 A 


SELF-TEST 
І. Give the structure of the reactant, reagent, or product omitted from each of the following: 

+ 
NH3 

1. NH4Ci, NaCN a 

(а) ? 2. ЊО heat C;H5CH;CHCO; 
3. neutralize 
O 


li А 1. НОТ, НО 
(b) СеН;СНОССІ + уайпе -ppr 


О 
li 
Boc—NHCHCNHCH;CO;CH;CH3 


| 
СН›С;Н; 


(с) Boc-Phe + H,NCH,CO,CH)CH; 
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Give the structure of the derivative that would be obtained by treatment of Phe-Ala with Sanger's reagent 
(1-fluoro-2,4-dinitrobenzenc) followed by hydrolysis. 


Outline a sequence of steps that would allow the following synthetic conversions to be carried out: 


NH; 
(a) (CH3;CHCH;CHCO; (leucine) from CH4CNHCH(CO;CH;CH3); 
NH; 
(b) Leu-Val from leucine and (CH3)2CHCHCO, (valine) 


The carboxypeptidase-catalyzed hydrolysis of a pentapeptide yielded phenylalanine (Phe). One cycle of an 
Edman degradation gave a derivative of leucine (Leu). Partial hydrolysis yielded the fragments Leu-Val-Gly 
and Gly-Ala, among others, Deduce the structure of the peptide. 


Consider the following compound: 


Снн» 
НОСН» H H О CH;H H О H H 
+ ~ NA 3 nA 2 
H3N ZN ©СУ "Cor 
Н СНзн о Н CHH 


(a) What kind of peptide does this structure represent? (For example, dipeptide) 
(b) How many peptide bonds are present? i 

(c) Give the name for the N-terminal amino acid. 

(d) Give the name for the C-terminal amino acid. 


(e) Using three-letter abbreviations, write the sequence. 


Consider the tetrapeptide Ala-Gly-Phe-Leu. What are the products obtained from each of the following? Be 
sure to account for all the amino acids of the peptide. 


(a) Treatment with 1-fluoro-2,4-dinitrobenzene followed by hydrolysis in concentrated HCl at 100°C 
(b) Treatment with chymotrypsin 

(c) Treatment with carboxypeptidase 

(d) Reaction with benzyloxycarbonyl chloride 


CHAPTER 26 


Nucleosides, Nucleotides, and Nucleic Acids 


SOLUTIONS TO TEXT PROBLEMS 


26.1 The enol form of cytosine has a double bond between nitrogen at position 1 (see text Table 26.1 for the 
numbering scheme) in the ring and the carbon at position 2; 


NH; 
Aca 
| SN 
2 

: MP eui 


26.2 The resonance form of guanine that has a ring with an electronic structure analogous to benzene arises from 
amide resonance: 


О: ОГ 
oe t 
Lar 


Resonance form with six- 
membered ring analogous to 
benzene 
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26.3 Caffeine and theobromine are both purines. Caffeine lacks H-N—C=O units so it cannot enolize. 
Two constitutionally isomeric enols are possible for theobromine. 


О "s О к. OH JR 
HN N N^ 
(7 == i [2 + 2 
ids N N H д N N m N N 
CH; CH; СН; 


26.4 The structure of adenosine is shown in text Table 26.2. 3'-Deoxyadenosine (cordycepin) has ап Н replacing 
tbe OH group on C-3 of the ribose portion of the molecule. 


МН, 
NÍ N 
ee 

N“ ON 

HOCH» (у 

H 
H H 
H OH 


26.5 The structure of cytidine is shown in text Table 26.2. In 2'-deoxycytidine-3'-monophosphate, an H has 
replaced the OH at C-2 of the ribose portion of the molecule. In addition, C-3 of the ribose portion is bonded 
to a phosphate group. 


NH; 

ee 

носњ | 9 
A È 
ee ud: 
-0—P—O H 
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26.6 Removal of a proton by the base from the 3'-hydroxyl group generates an anion that can act as a nucleophile 
on phosphorus and form the ring in cyclic-AMP. 


NH) 
N ~ 
Па. © X3 
HO—P-0—P—0—P—OCH; N^ "N^ 
OH он OH О 
«< 7x 
B: но: он 
NH; NH2 
N EN N ~ 
о р о ex d Y 
HO—P—0—P—0-7P—OCH, N^ ^N a мк 
2 
он OH / OH О -(HsP10;7) Y О 
о 
P S 
B—H 40: Он HO со OH 


26.7 When equations are added, species that appear on both the left and the right of the arrow are canceled. 
Thus, adding the hydrolysis of ATP to equation 1 does, indeed, produce equation 2. 


Hydrolysis of ATP: 
ATP + yfo ADP + HPO, 
Equation 1: т (| үн | 
"OCCH;CR;CHCO" + мН HONCCH;CH;CHCO" + њо 
* NH; “мн 
Equation 2: О О О O 


| | i if 
УН HER + NH; + ATP HgNCCH2CH;CHCO + HPO + ADP 


*NH, "МН: 
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26.8 The reaction of ammonia with y-glutamyl phosphate to give glutamine is analogous to the reaction of 
ammonia with an acid anhydride to yield an amide. As noted in the text, y-glutamyl phosphate is a mixed 
anhydride of glutamic acid and phosphoric acid. Addition of ammonia to the carbonyl carbon is followed by 
elimination to give glutamine and phosphate ion. 


M AE e AN: 
Ко сасы сы рй + МЫ» Е. -CCH;CH;CHCO. 
_O *NH; о ‘NH, "NH; 

y-Glutamyl Ammonia 
phosphate 
|o ade ЖЫ i T е0Э Di 
О FUE P О : + H,N- CCH;CE;CHCO- 70 zi = o ОНИН НО: 
_O *NH; .O мн, "NH; 
Phosphate Glutamine 


ion 


26.9 The free energy of hydrolysis for ATP is —31 kJ/mol versus —13.9 kJ/mol for glucose-6-phosphate, so the 
phospborylation of glucose by ATP would be expected to have a large, positive equilibrium constant that 
would be much greater than 1. 


26.10 Figure 26.1 in the text shows a trinucleotide of 2'-deoxy-D-ribose. If the pentose were D-rihose instead, an 
OH group would be found on C-2 of the ribose portion of each nucleotide segment. The arrows in the 
following structures point to the OH groups not found in nucleotides formed from 2'-deoxy-D-ribose. 


NH; О 
М ES 
N NH 
Е. ae 
5' < > : > 4 
HOCH), N ^ HOCH о N о NH; 
x NH mut 
О он || Eu О он || 
O—P—OCH2 N O O==P—OCH) N О 
HO О HO МН; 
N N 
9 OH о. 9 он < |] 
O-—P—-OGH; o. Nw? кн, O—P-OCH, o N "d 
HO HO 
3' x 3 we 
HO OH HO OH 
AUG GUA 


26.11 The ratio of the purine guanine to the pyrimidine cytosine in DNA is 1:1. Thus, the guanine content in turtle 
DNA is the same as the cytosine content, 21.3%. 


26.12 Each nucleosome is 146 base pairs long and is separated from the next nucleosome by a linker of about 50 
base pairs. Thus, a gene with 10,000 base pairs would contain approximately 50 nucleosomes. 
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26.13 By changing the coding sequence of text Figure 26.12 from AUGGCU to AUGUCU, the second amino acid 
becomes serine instead of alanine. The serine tRNA sequence that is complementary to the UCU sequence of 
mRNA is АДА, 


26.14 Uracil is a pyrimidine base found in RNA. Its complement in both DNA and RNA is the purine adenine. 


26.15 The numbering of the ring in uracil and its derivatives parallels that in pyrimidine. 


О 
52Е 
C Cus HN | 
A.U TN 
H 
Pyrimidine Uracil 5-Fluorouracil 


26.16 (a, b) Oxygen is more electronegative than nitrogen, and we would expect the OH proton to be more acidic 
than the NH proton. As the following scheme illustrates, the conjugate bases of the keto form and of the 
enol form are resonance contributors to the same anion. 


МН» NH; 
A A 
VO 
N О М OH 


| 
H 


-H* -H* 
NH; NH; 
Sus ~ 
| Bere EN. Е 
-М :0. м О; 


26.17 Purine has the molecular formula СН Ма. Because we are told that uric acid is a purine having the formula 
СНА № О: and has no C—H bonds, it is reasonable to presume that three C=O groups have replaced the 


C—H groups of purine. 
E. d ud 
N ES N = 
#13 ge Y3 
“к = 
H He cg 


Purine Uric acid 


26.18 Purine and its numbering system are as shown: 


6 7 
N Z^ N 
4. | P. 
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In nebularine, D-ribose in its furanose form is attached to position 9 of purine. The stereochemistry at the 


anomeric position is В. 
N 2" М 
| > 
PD NR 
N N 
HOCH; © 


H H 
H H 
OH OH 
9-B-p-Ribofuranosylpurine 
(nebularine) 


26.19 The problem states that vidarabine is the arabinose analog of adenosine. Arabinose and ribose differ only in 


their configuration at C-2. 
NH; NH; 


N NT N 
N N 
b 


| 

Le? М. 
HOCH) О НОСН» О 

H H H HO 
H H H H 
OH OH OH H 


Adenosine 


26.20 Evaluating each of the three protonated forms of adenine will reveal which is the most stable. The most basic 
nitrogen will be the one that forms the most stable conjugate acid. Hint: You might find it helpful to review 


amine basicity (particularly the discussion of imidazole) in text Section 21.4. 


N~ 


Vidarabine 


NH; NH; 
/ | SN’ O Ht À | “мх 
р и 
/ .. /\ ze 
H H H 


Unstable; disrupts 
aromaticity of five- 
membered ring 


NH; *NH; 
N ~ N* " N < N' 
4 H y | 
S | М К y 
H H 


Not the most stable; disrupts 
delocalization of arylamine 
unshared electron pair 
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МН, H NH; H NH; 
ee \ \ 

SN’ € см Syne М SN 
4 7 XE 
К а 3 NN P \ 2 
H ae H ee H ee 


Stable; positive charge 
shared by two nitrogen 
atoms as shown by 
resonance structures 


26.21 Nucleophilic aromatic substitution occurs when 6-chloropurine reacts with hydroxide ion by an addition- 
elimination pathway. 


CI re OH OH 
N а N s- Nw 
CUN an H20 / С N ; O 
XS Ы HO heat a | x ји S | " zi 
H H H 


The enol tautomerizes to give hypoxanthine. 


OH О 
н 
М SN "Y 
c X WA 
S. | 2 < | ме 
H H 


Hypoxanthine 


26.22. Nitrous acid reacts with aromatic primary amines to yield diazonium ions. 


NH; № 
М EN N ES 
/ | М 4 | N 
2 2 
HOCH; О N N dns dg HOCH, О. N N 
H H H H 
H H H H 
OH OH OH OH 


Adenosine 
Treatment of the diazonium ion with water yields a phenol. Tautomerization gives inosine. 
№ OH О 


ген 
UU J 
HOCH, О, МОМ 


HOCH) О, МОМ 


H H H H 


H H 


OH OH OH OH 


Inosine 
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26.23 The carbon atoms of the ribose portion of a nucleoside are numbered as follows: 


5° 


A 5'-nucleotide has a phosphate group attached to the C-5' hydroxyl. 


О 
N 
о 17 
HO—P—OCH, O. N NÝ 
OH 
H H 
H H 
OH OH 


Tnosinic acid 


26.24 (а) The value of АС?’ for the phosphorylation of o-D-glucopyranose is —23 kJ/mol. Reactions with a 
negative change in free energy are exergonic. 


(b) Enzymes are catalysts in biological systems. Catalysts speed up a reaction but do not affect AG?', 


(c) To find the value of AG?' for the reaction of o-D-glucopyranose with inorganic phosphate, add the 
phosphorylation reaction given in the problem to the reverse of the hydrolysis of ATP to ADP. 
The free-energy change for the conversion of ADP to ATP (from text Section 26.4) is 
—(—31 kJ/mol) = +31 kJ/mol. 


Phosphorylation: 


CH,OH io =0 


АТР + MIRA — BIS + ADP AG°= -23 KJ/mol 


Reverse of ATP Hydrolysis: 


ATP + HPO, ATP + HO AG”= +31 kJ/mol 
o 
Sum: 
CHOH СЊО—Р==0 
HO о HO о № 
HPO4^- + HO НО + HO АС?! = +8 kJ/mol 
HO HO 
OH OH 


The reaction of &-D-glucopyranose with inorganic phosphate has a free-energy change, AG? = +8 kJ. 
The reaction is endergonic. 
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26.25 All the bases in the synthetic messenger RNA prepared by Nirenberg were U; therefore, the codon is UUU. 
By referring to the codons in text Table 26.4, we see that the UUU codes for phenylalanine. A polypeptide in 
which all the amino acid residues were phenylalanine was isolated in Nirenberg's experiment. 


26.26 (a) The hydrogen with the lower pK, of 9.5 is due to the resonance stabilization with both carbonyl groups. 
Of the two resonance contributors shown, the one on the left is more important. 


О О" О 
pk, = 9.5 HN | NÝ | O 
o^ N S N as N 
He pK,=142 н н 
Uracil Most stable contributor 


for the monoanion 


Deprotonation to make the dianion gives a resonance structure that is aromatic, albeit a dianion. 


Most stable contributor 
for the dianion 


(b) Triethylamine, with a pK, of 10.4 for its conjugate acid, is not sufficiently basic to generate the dianion, 
because the pK, of the less acidic hydrogen is higher, at 14.2. 


26.27 Working through the mechanism, one finds that the sugar reacts with the acid catalyst to form a 
resonance-stabilized carbocation from the ester group at C-2. This participation by the ester group blocks 
one side of the ring, so attack occurs selectively from the less hindered side to give the о; anomer. 


9 је НОН 
| CH;CO: OH» 
CH;COCH, ^^ T 


снзсо 


1,2,3.4- Tetra-O-acet yl- 
o, D-arabinofuranose 
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О Ils. 
] СЊСО: | 
CH3COCH; CH3COCH; . у, 


Bridged ion, with 
CIBC. top face shielded 


li 
О 


О ile 
i CH4CO: 
CH4COCH; 


+ N С 
OU 
ZN 
Cl 
Cl 
N CI N 
M КІЯ 
22 N 27 


Lena 
t H;0 Cl 
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26.28 (а) The unprotected hydroxyl group of the glycosyl donor attacks the epoxide in a nucleophilic ring-opening 
reaction (see Section 16.12). 


i ОБЕ 
ое OSiR; On 2 
o MD OH О 9 
о ys О 
> „О 
CloZn^ О 
502 á О О 
Glycosyl donor \ 
ZnCl, О 4 


(b) The ring opening is assisted by complexation of the epoxide oxygen with zinc chloride. Carbocation 
character develops at the adjacent carbon, which favors nucleophilic attack there, similar to 
acid-catalyzed epoxide opening. 


e en 


о ОЗЕ 


О 
X Mo 
O 


OSiR, 
O О 
a Or m 
О | Nucleophilic attack 


1 à 
1 8+ .. is favored here. 


can be represented by 


О. Qd+ 
+ 
\ \ 
ZnCl, ZnCl 


ANSWERS TO INTERPRETIVE PROBLEMS 
26.29 C; 26.30 D; 26.31 B; 26.32 A; 2633 В; 2634 А 


SELF-TEST 


l. How does the nucleoside adenosine found in RNA differ from that found in DNA? 


2. The standard free-energy change (А 07") for the reaction of glycerol with inorganic phosphate ion to give 
glycerol 1-phosphate is +9.2 kJ. 


ја он 
HOCH;CHCH;OH + HPO- —— – НОСЊСНСЊОРО + H,O 


Glycerol Inorganic Glycerol Water 
phosphate ion 1-phosphate 


Using the free-energy change for the conversion of ATP to ADP (text Section 26.4), calculate the free-energy 
change for the reaction: 
OH OH 


| 
НОСЊСНСЊОН + ATP ———-  HOCH;CHCH;OPO;" + ADP 


Glycerol Glycerol 
1-phosphate 
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Problems 3 through 7 refer to the following nucleotide segments of a DNA strand. 


(a) A-A-A-G-G-T-C-C-C-G-T-A 


(b) T-A-C-T-C-G-C-G-G-A-T-G 

Write the nucleotide sequence for the complementary DNA strand of each segment. 

Write the mRNA nucleotide sequence that would be produced by transcription of each DNA segment. 
List the codons present in each mRNA segment. 

Determine the amino acid sequence that would be formed from each mRNA nucleotide segment. 


What are the anticodons corresponding to each nucleotide segment in Problem 5? 


CHAPTER 27 


Synthetic Polymers 


SOLUTIONS TO TEXT PROBLEMS 


27.4 (b) Methyl methacrylate is two words; thus, its polymer name is poly(methyl methacrylate). The repeating 
unit follows the pattern shown in the text. 


T 
СОСН; 


п 


Poly(methyl methacrylate) 


27.2 Formaldehyde can form a cyclic trimer, known as trioxane. 


3H;C—O 


Formaldehyde Trioxane 
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27.3 Nucleophilic acyl substitution follows an addition-elimination pathway (text Section 19.3), Nucleophilic 
addition by 1,4-benzenediamine to the carbonyl group of terephthaloyi chloride gives the tetrahedral 


intermediate shown. 
05 О OH О 
T | | | | 
ЕВЕ + otf \ ta ЕЕЕ 
МИ a 


1.4-Benzenediamine Terephthaloyl chloride Tetrahedral intermediate 


27.4 The product of the reaction contains all of the atoms of the starting materials. This is an example of an 
addition reaction. 


27.5 (b) Azobisisobutyronitrile (AIBN) undergoes homolytic bond cleavage as shown in the text to give nitrogen 
and two I-cyano-1-methylethyl radicals. These radicals initiate polymerization of styrene by addition to 


the vinyl group. 
ceci Y 


ge 
(CH;),C—C=N (“са 
M CEN 


27.6 The terminal free radical of the growing polymer chain can react with the free-radical initiator, in this case an 
alkoxy radical. | 


LN 
военен: снн, ^ “в 
x 


ворсњен cond —R 
x 


277 As shown in text Mechanism 27.1, four-carbon branches result from a strain-free six-membered chair 
cyclohexane-like transition state. Transition states leading to chains shorter than four carbons would have 
angle strain, which would increase AH of activation. Transition states leading to chains longer than four 
carbons require restricting the motion of more atoms and are more ordered. This would make AS of 
activation more negative. 


27.8 As noted in the text, the number of chains is equal to the number of molecules of butyllithium used. 
Thus, if less butyllithium is present, there will be fewer chains and each one will be tonger. In other words, 
the average chain length is a function of the ratio of moles of styrene to moles of butyllithium. 


27.9 Hydroxide ion adds to methyl 2-cyanoacrylate to give an anion stabilized by delocalization of the negative 
charge to oxygen and nitrogen. 


li i 
s m ,COCHs ‚œ COCH; 4COCHs 
НО; + H;,C—C. mcer. НОЕ -—— —- HCC? 
р. S он С он Су 
N 
N “№: ÒN: 
|“ 
„СОСН; 
ОН NOS 
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27.10 A lactam is a cyclic amide (text Section 19.16). €-Caprolactam has а seven-membered ring. 


О 


МН 


€-Caprolactam 


27.11 1,3-Benzenediamine reacts with 1,3-benzenedicarboxylic acid to give the repeating unit of 


Nomex. 
С). + нос" 4 `сон „АСА, 
| 
HN МН, О О 6 0 
n 
1,3-Benzenediamine 1,3-Benzenedicarboxylic Repeating unit of Nomex 


acid 


27.12 The polymer made from £-caprolactone is a polyester. 


О 
i 
O О(СН.) 5 C 
n 
£-Caprolactone Repeating unit of 


poly(e-caprolactone) 


27.13 The reaction of bisphenol A (as its disodium salt) with phosgene (С15С=О) is an example of nucleophilic 
acyl substitution, and follows an addition-elimination pathway. 


4 
чо у “асса. С=О: 
seit um 


О: Er S 5 T 
no) HOO íy: а no pe Уи 


xa CH; 


27.14 Tf the “polymeric diol” used in the polymer stiown in the text were derived from 1,2-epoxypropane, 
its structure would be as shown: 


/\ 
H,C—CHCH, H осн;—Сн OH 
СН" 


1,2-Ерохургорапе “Polymeric diol” 
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27.15 Nylon 11 is a condensation polymer as water is released in the polymerization process, as shown. 


+ I li 
H3N(CH549CO NH(CH)419C + HO 


] t-Aminoundecanoic acid Nylon 11 Water 


As the polymer grows, each chain has two growth points, a free amino group at one end and a free carhoxyl 
at the other. The starting material reacts rapidly to form oligomers, which can then react together to form the 
polymer. Nylon 11 is a step-growth polymer. 


27.16 The protein biosynthesis process described in text Figure 26.12 extends the protein by one amino acid at a 
time on the end of the chain. It is a chain-growth process. The process converts an ester to an amide, so an 
alcohol is formed as each additional amino acid is added to the growing chain. The protein is a condensation 
polymer. 


27.17 3-Hydroxynonanoic acid will polymerize to form a polyester with a ш group side chain in the repeating unit. 


О 
|| 
CH3(CH)CHCH;COH — 
OH (сноси, 
3-Hydroxynonanoic acid Polyester 


repeating unit 


27.18 Polyvinylene is a polymer of acetylene. Its source-based name is polyacetylene. 


HC=CH > 
n 
Acetylene Polyvinylene 


27.19 The lactone used to prepare the polymer shown is 3-propauolide, better known by its common name 


B-propiolactone. 
О 
| О 
OCH;CH;C E | 
C M 
n С 
О 


3-Propanolide 
(B-propiolactone) 


27.20 The monomers used to prepare tlie polymer in Kodel fibers are 1,4-benzenedicarboxylic acid (terephthalic 
acid) and cyclohexane-1,4-dimethanol. 


9 т 
&—{_У—бов—( сво [5 
о yon + Hoc J= cmon 


1,4-Benzenedicarboxylic acid Cyclohexane-1,4-dimethanol 
(terephthalic acid) 


CHAPTER 27: Synthetic Polymers 803 


27.21 The alkene that would be most suited for cationic polymerization is the one that forms the most stable 
carbocation when protonated. Of those in the prohiem, 1,3-butadiene is the best candidate. 


H5C =CHCH= CH) 


1,3-Вшафепе 


27.22 An alkene suitable for anionic polymerization is one that forms a relatively stable anion. Thus, alkenes with 
electron-withdrawing groups attached to the double bond are the best candidates. Of the alkenes in the 
problem, acrylonitrile is most suited for anionic polymerization. 


H,C=CHC=N 
Acrylonitrile 


27.23 (a) The reagents given in the problem [TiCl4 , (СНзСН> )3 Ai] are early Ziegler-Natta catalysts, and initiate 
polymerization by formation of a coordination complex. 


(b) Organic peroxides readily undergo homolytic bond cleavage of the О-О bond, and initiate 
polymerization by a free-radical mechanism. 


(c) Boron trifluoride (BF3) is a powerful Lewis acid and initiates polymerization by a cationic mechanism. 


27.24 p-Methoxystyrene contains an electron-donating methoxy group, and thus the anion formed from this 
compound would be less stable, and formed more slowly, than that formed from styrene. As a result, the 
anionic polymerization of styrene is more rapid. 


cmo Seen АРИС cn 8-с, снос 


p-Methoxystyrene Less stable anion; formed more slowly 
CH3CH;CH;CHaLi eo 
ЕЕЗ ——M- CH—CH;— (CH34CHs 
Styrene More stable anion; formed more rapidly 


27.25 The monomer that forms the more stable anion will react faster and should he used first to form the living 
polymer. Thus, acrylonitrile should be polymerized first, and styrene added second to form the copolymer. 


CH3CH;CH;CH;Li Tae 
H,C=CHC=N ee ж CH3(CH2)3CH2C нн 


CN CN 


CH ==CH, 


Copolymer 


Styrene 


Acrylonitrile Living polymer 
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27.26 The repeating unit of poly(vinyl hutyral) is an acetal, formed from the reaction of the diol starting polymer 
and an aldehyde. Compound A is butanal. 


i 
CH,CH)CH,CH 


Butanal 
(compound A) 


27.27 Polymerization of ethylene under Ziegler-Natta conditions yields a linear polymer of methylene (CH3 ) 
groups. Adding a small quantity of 1-hexene will result in introduction of butyl side chains into the polymer. 


H5C-—CH; + CH4(CH24CH—CHj -снсн, CHCH; CHCH- 
m n 


(CH2)3CH3 


Ethylene 1-Нехепе Ethylene-1-hexene 
copolymer 


27.28 (a) The formation of bisphenol A begins by electrophilic aromatic substitution at the para position of phenol 
to form a tertiary alcohol. The electrophile is the protonated form of acetone [(CH 3) C=O}. 


OH 
ССН» СН» 
(CH3) | ÓH _ он | 
“к, cn он 


А second mole of phenol then reacts with this alcohol to form bisphenol A. 


OH OH oH 
А А 
» Е Q О 
С(СНз)› C(CH3)2 +C(CH3)2 
zi 
:OH COH; 


OH 
= ue (S = wh 
HO С OH HO C 
| / H^) 
CH; CH 


Bisphenol A 
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(b) Bisphenol B differs from bisphenol А in that one of the methyl groups has been replaced by an ethyl group. 


CHCH; 


Bisphenol B 


27.29 In the presence of an acid catalyst, the oxygen of ethylene oxide is protonated in the polymerization process. 


H 
.. ety 
"0T НО О ВС + 
ГА ер Е кс ЕЕЕ — Ее 
H)C—CH) Н2С—СН2 puc ОН Tenenor 
Ethylene A Poly(ethylene oxide) 
oxide O 
H2C—CH, 
Under basic conditions, ethylene oxide is attacked directly by hydroxide ion 
[2 eA) 
y vA 
н ун, 7 носнусн ба ~n E 
n 
ОН со СН 
Ethylene tt A Poly(ethylene oxide) 
oxide 210: 


27.30 (a) The reaction of phenol and formaldehyde is an example of electrophilic aromatic substitution. Hydroxyl 
is a strongly activating ortho-para director. The electrophile is the protonated form of "AN 


Tu их OH; 
TER CH;OH 
+ 
+ H»sC=OH CHOH ————— 
V 
Phenol Protonated form o-(HydroxymethyD- 
of forinaldehyde phenol 


(b) The two aromatic rings become linked following a second electrophilic aromatic suhstitution. 
The electrophile is the protonated form of p-(hydroxymethylphenol. 


n od 


CO 


ut (Son 
носн—{ Son —- HA ы ыш n PETERE 


HOCH; 


27.31 In the second polymerization step, a molecule of formaldehyde adds to the formaldebyde-boron trifluoride 
complex. 
TTN — О LJ 


as” 
Њс=0: + HyCFO-BF; — H,C=0—CH,—O 
+ 


—ВЕ 
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ANSWERS TO INTERPRETIVE PROBLEMS 


27.32 С; 2733 B; 27.34 A; 2735 D; 27.36 В; 27.37 В; 2738 С 


SELF-TEST 


1. Briefly describe the difference between a chain-growth and a step-growth polymer. 


2. (a) What monomer of molecular formula C; H4O gives the polymer with the repeating unit shown? 


о–сњењуј- 
п 


(b) What is the source-based name of this polymer? 


3. Bisphenol A is used to form the polycarbonate polymer known as Lexan, as shown in the following reaction. 
Is this polymer formed in an addition process, or a condensation? 


en | бө үчү i 
wo Vi Son + аса = Vit У 
CH 3 CH; n 
Bisphenol A Phosgene Polycarbonate repeating unit 


4. What is the monomer used to prepare poly(vinyl acetate)? 


5. Poly(vinyl acetate) is used to prepare poly(vinyl alcohol) by the reaction: 


[ 
d. d 05 i 
CH-CH, + CH4OH CH—CH;-- + CH4OCCH; 


n n 


Poly(vinyl acetate) Methanol Poly(vinyl aicohol) Methyl acetate 


Why is it impractical to make poly(vinyl alcohol) from vinyl alcohol? 
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Answers to the Self-Tests 


CHAPTER 1 
1. (а) Р; 1522522р63523р3 
2. (a) :М=с=: 
Formal 
charge: -i 0 0 Net charge: –1 
(b) :0=№—0: 
Formal 
charge: +1 41 -l Net charge: +1 
3. (a) INEC-S: 
Formal 
charges 0 0 -Е Месһагре: —1 
(b) :б=м=0: 
Formal 
charge: 0 +1 0  Netcharge: +1 
Thé iore stable Lewis strüctüres аге 
(а) “IN=C=S: 
T 
4. (a) a 
H H 


(b) 


(b) 


(b) S?- 1522522635236 


(c) 
(c) 
oe + » 
:OZN-—O: 
ie 
H-C-C-0: 
H 


Formal 
charge: 


Formal 
charge: 


tO! 
| 
HC-—NH; 
0 +1 
0 б 
HC—NH; 
0 0 


| НО 
(с) HC—NH; 


Net charge: 0 


Net charge: 0 
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10. 


11. 


12. 


13. 


(а) С!2Н»оО 


:ÓH 
(b) С10822 
CHCH + НМ 
Base Acid 
:0: 0:7 
52+ 2: №. 527 
" Ми _ ë . 
E 406. 30" 
:O—CZNÍ 
Formal 
charge: -1 оо Net charge: —1 
H H H H 
(a) H-C-ü-C-C-C.H 
d — UM 
Tetrahedral Eom | Tetrahedral 
Bent 
(a) Linear (b) Linear 
(a) D (c) None 
(b) A,B (d) B 
©: 
H-N-C-N-H 
H H 


More 
stable 
(b) :O- NL CH, 16-№ СН; 
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(с) CygH240 


(d) CoHgBrN 


CH3CH,QH + ^ NH; 
Stronger Stronger 
acid base 
Че 
“l bot 
eL \*.- 
0. +0: 


(b) Pyramidal; 


(c) Bent 
(e) None 


(f) Ар 


Yes, it is polar. 
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CHAPTER 2 
1. СН+СН»СН›СНн›——— Ка а 
Common: n-Butyl sec-Butyl 
Systematic: Butyl 1-Мећургору! 
p св 
CH3CHCH,— = 
СН; 
Соттоп: Isobutyl tert-Butyl 
Systematic: 2-Methylpropyi 1, 1-Dimethylethyl 
2. (а) 28(8C—C;20C—H) (b) 27(9C—C;18 C—H) 
3. (a) Oxidized (b) Neither (c) Neither (d) Reduced 
CH4CHCH; | 
4. (a) CH3;CHCHCHCH; (b) Six methyl groups, three isopropyl groups 
СН. СН; 
5. (а) 3,4-Dimethylheptane (b) (1,2-Dimethylpropyl)cyclohexane 
6. Primary Secondary Tertiary 
(a) 4 3 2 
(b) 3 3 3 
7. (а) L3-Dimethylbutyl; secondary 
(b) L,I-Diethylpropyl; tertiary 
(c) 2,2-Diethylbutyl; primary 
C 
8. CIBCHCHDIBOHS = СН; СН + ПО 7CO; + 8H;0 
CH; 
A er Л X 
-—Cyelopentane............Methylcyclobutane Ethyleyelopropane 1,1-Dimethyleyclopropane-—-———1;2-Dimethylcyclopropane 
10. 


(a) (b) end (c) 
(2-Methylbutyl)eyclohexane 


4-Ethyl-3-methylheptane 3-Ethyl-2,3- 
dimethylhexane 
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11. (а) CH,CH,CH,CH,CH,CH,CH,CH, (c) (CH; CHCHCH(CH3); 
CH3 
(b) (CH44CC(CH4, (d) (CH44CC(CH3), 
ZI Cw S > 6: 
2,2-Dimethylpentane 2,4-Dimethylpentane 3,3-Dimethylpentane 
2,3-Dimethylpentane 3-Ethylpentane 


13. 10,049 kJ/mol 


14. (a) 116; Іл (b) 96; 27 (c) 120; 4л (d) 130; Ал 


—CH-CH— 2 
15. (а) ЊС Y CH ү” (c) Ali carbons are sp^. 
sp? <> ғр? 
sp 
Ф | 
VEN m 
фу H—CEC-CH,-CH; (d) z oe 
| | p \ ] Tp 
sp sp? 
CHAPTER 3 
1 Ci СІ 
н CH3 H H 
H H H H 
H CH; 
Gauche Anti 
HC СІ СІ 
^ e (Eclipsed) a с H а 
> (0 Hi Yu O ay ари 
H H cl 


3. (CH3)3CCH2C(CHs3)3 = 2,2,4,4-tetramethylpentane 
4.  (CH3AC H 


н СЫ; 
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5. CH; Axial 
H 
(СНС 
Equatorial yy CH3 Equatorial 
6. 
7. (a) С (b AandB (c) D (d) A 
8. CH(CH3); CH; 
H H 
Н.С CH(CH3) 
H H 


More stable 
9. cis-1-Ethyl-3-methylcyclohexane has the lower heat of combustion. 
10. Tricyclic; Ci Hy, 


11. The form of the curve more closely resembles ethane than butane. 


HH 
Deon, 
нон 
CH, 
> 
B 
= 
т 
E 
5 
© 
[а 
H H 
Bon "AC 
H H H H 
CH; CH; 


Torsion Angle 


CHAPTER 4 
1. Alcohol, alkene, ester, ketone 
2. (а) trans-1-Bromo-3-methylcyclopentane 


(b) 2-Bthyl-4-methyl-1-hexanol 


812 


~ 


9e 


9. 


NS 
10. (а) (CH3)3C-QH + НВг 
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OH 
em 
(a) ICH;CCH;CHCH;CH2CH; (b) 
CI CH(CH3)2 
(a) Functional class: 1-Ethyl-3-methyIbutyl alcohol 
Substitutive: 5-Methyl-3-hexanol 
(b) Fuuctional class: 1,1,2-Trimethylbutyl chloride 
Substitutive: 2-Chloro-2,3-dimethylpentane 
DH 
(а) CH4CH;CH;Cl (b) CHyCH2C(CH3)2 
(a) Three 
СНз СНз CH; CH, СНз СН» 
(b, c) CH4CCH;CHCH; CH;,CHCHCHCH; CH,CHCH,CHCH, 
(Most stable) (Least stable) 
СН; СНз 


| 
сњесња + на 
CH; 


CH3 
OO = O- 
Br 
= + Br? + Bre 


АН? = —57 kj (-13.5 kcal) 
+ — 
(СНз)зС— OH; + Br 


CH,CCH, + Ch 


HO + (CHCH 


+ 
(СНз)зС OH? 


(CH3);C* + ‘Bri (CH3)3C—Br 
No 
CH; 
(b) HC tc ә 


/ N 
Н.С H 


(c) Water is displaced directly from the oxonium ion of 1-butanol by bromide ion. A primary carbocation is 
not involved. 


BID 


+ 
CH3CH;CH;CH;t- OH; H,O + CH4CH;CH;CHjBr 
Iu 
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11. (a) 3-Methyl-3-pentanol (b) Fluorine (F,) 
(c) Ethyl radical, CH4CH; (d) CL 
CHAPTER 5 
1. (a) 2,4-Trimethyl-2-pentene ог (c) (£)-2,7-Dibromo-3-(2-methylpropyl)-2-heptene or 
2,4,4-trimethylpent-2-ene (E)-2,7-dibromo-3-(2-methylpropyDhept-2-ene 
(b) (E)3,5-Dimethyl-4-octene or (d) 5-MethyI-A-hexen-3-ol or 
(E)-3,5-dimethyloct-4-ene 5-methylhex-4-en-3-ol 
2. (a) MC (c) 
2,3-Dimethyl-2-pentene 1,6-Dimethylcyclohexene 


OH 
d | POS 
(b) ~ СА 


5-Chloro-2-methyl-1-hexene 4-Methyl-4-penten-2-ol 


dcl 4m e mu 


(b) Isomer 5 (c) Isomers | and 4 (d) Isomers 2 and 3 


4. Two sp? C atoms; four sp? C atoms; three sp2—sp? с bonds 


p aM e o 
5. (a) pa (b) a= CEN M 
(Z)-3-Methyl-3-hexene (E)-3-Methyl-3-hexene 


7. (a) HC—CCH,CH;CH, + (CHj;C-CHCH;CH; (major) 


CH; 
CH, CH; x CH; 
A (с) (CH3;CHCHCH(CH3; (d) H;C—CC(CH44. 
+ (X = СІ, Br, D 


(b) 


(major) 
сњ 
8. CH3CH,CCH2Br 
CH; 


814 
9. 


12. 


13. 


OH ^) "ÓH; 
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Step 1: Protonation 


+ 
Ўн ANG :ОЊ, 
XE — x 


+ 
Step 3: Deprotonation 
pur + но“ 


 NaOCH;CH _ 
 CH,CH,OH - 


Step 2: Dissociation 


T * ‘OH, 


(major) 
а 
Br? 
Cis isomer: (CH3)2CH 
(cH cH 7 7. а 
Trans isomer: CH(CH3)2 
A 
Cl Ci 


Tbe trans isomer will react faster because its most stable conformation (with the isopropy! group equatorial) 
has an axial Cl able to undergo E2 elimination. 


Rearrangement (hydride migration) occurs to form a more stable carbocation. 


+ 
+ HO —H po 


H H 
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14. BEN 


3-Ethyl-4,4-dimethyl-2-pentene 


Br 
A B 
CHAPTER 6 
1. Five; 
277 

3,4-Dimethyl- 

1-pentene 

BS 


(£)-3,4-Dimethyl- 


^y 


2,3-Dimethyl- 
2-pentene 


sA 


{Z)-3,4-Dimethyl- 


2-pentene 2-pentene 
үн 
2. (а) (CH3)2CCH2CH3 (с) СЇ? 
СН» 
(b) HBr, peroxides (d) mas 
Br 
CH3 
он H2504 (conc) CH; 
(b) 
a 
CH4CH;CHCH(CH,,  —N20CHs 


CH30H 


CH3CH;CH— C(CH3) 


815 


Sus 


2,3-Dimethyl- 
1-pentene 


1. ВН; СНз 
zao o E 
^, 
'OH 


|| 
COOK CH,CH,CH- C(CH3); 
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сњо“ Ма“ HBr 


(c) (CH eae —снон ^ (СНззССН=СНо C Peroxides _ (CH3)4CCH;CH3Br 
Br 
E light 
4. Initiation: ROOR 2RO* 
or heat 
RO* * HBr ROH + Br* 
Propagation: Br* + CH3CH,CH=CH, CH;,CH,CHCH,Br 


CH;CH,CHCH,Br + HBr CH,CH,CH,CH,Br + Bre 


5. 
H3C 
+ 3 Ci а 
H, CH, Ch Cls ION E H N / 
С=С QUE us bs === С—С, = wf "e 
Н.С Н но“ = "СН Cl H 
4 7% 3 H 
ње ( ч НС HaC CH3 
(E)-2-Butene Cl : = 
6. CH;CH, . CHCH; i Q 
N c= с“ CH4COOH KAT 
ТА, CH;CHy"f X" "CH;CHs 
H H H H 


7. Step 1: Protonation to form a carbocation 


Му > -—- Е 7 + Id | 


Step 2: Nucleophilic addition of chloride ion 
m 


р + SCHO 


NM d 
си с 
8.  HC=CCH,CH; or  (CHj;C-CHCH; HG CH4CCH;CH; 
CH 
2-Methyl-i-butene 2-Methyl-2-butene 2-Chloro-2- 


methylbutane 


DU 


OH 
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+ 
x ë + HO 
10. 
је а 
Y^ 
(Ha CH; 
11. (CHi;CHC—CH, НВ: (CH); CHCCH; 
Br 
A B 
ёл CHi9C-O (2 mol 
нож” ChS (2 moles) 


CHAPTER 7 


1. (а) land2, both achiral; identical 
(b) 3 and 4, both chiral; enantiomers 
(c) 5 chiral, 6 achiral (meso); diastereomers 
(d) 7 and 8, both chiral; diastereomers 
(e) 9 and 10, botb chiral; diastereomers 


2. 3: (R)-2-Chlorobutane 


OH 


R 
3: ve 
R OH 


7: (2S,3R)-2,3-Dibromopentane 
9: (2E,SR)-5-Chioro-2-hexene 
3. (a) Three; meso form is possible. 


(b)...Eight;.no.meso form possible 


Hie. ОН 
N Ta 
4 ETG 
. (a) Cl B CH; 


shift 


NaOCH;CH; 


hydride id 


(CH3)C—C(CH3); 


CH;CH;OH 


4: (S)-2-Chlorobutane 


Pe 
6; 
HO” R 


8: (2R,3R)-2,3-Dibromopentane 


10: 


(2Z,5S)-5-Chloro-2-hexene 


(c) Four; no meso form possible 


817 
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(c) CH; СН; 
HO H H H 
H Cl H Br 
CH3 CH; 
5.  Chiral stereoisomers: 
CH3 CH3 
H Cl Cl H 
CI—|—H is на 
CH; CH3 
(25,35)-2,3- (2R,3R)-2,3- 
Dichlorobutane Dichlorobutane 


Meso stereoisomer (achiral); 
plane of symmetry indicated 


with dashed line 
6. (a) [0] =-31.2° (b) 30% 5 
СН; CH 
HB 
7. (a) Chan Е а 
СН; Br СН 
НС Н 
ЊУ ^ 
(b) „С=С. * Cb R 
H CH; Hnc 4 


Meso form 
(only stereoisomer) 


|| О О 
CH4COOH 


QN о пој Yeu сту ү-сыв 
H H 


HC CHCH; 
8. (a) (25,35)-1,3-Dibromo-2-chlorobutane 
(b) (R)-1-Ethylcyclohex-2-enol 
9. Two: (2R,3S)-2-bromo-3-chlorobutane and (25,35)-2-bromo-3-chlorobutane; they are diastereomers. 


10. 
Racemic mixture 


OH 
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CHAPTER 8 


1. (а) CH,CH,CH,CH,OCH,CH, (е) LM C(CH3)3 
Мз 
(0) Фа (f) CHS H 
CH; no ыб. 


(X = OTs, Br, D 


Je 
(c) CH4CHCH;CH,I 


„О 
CH;CH; 


2. (CH3),CHO~Na* + CH,CH,CH,Br 


CH; CH; CH; 
3. (a) нот re Bru DMN „ H—]|-cN 
CHCH; CH;CH4 CH;CH; 
(b) 

H H H 
CHSCH;CHo, * н,с—{ J-soa CHCH;CH; Н are х CHICH;CHs 
C—OH - C—OTs ————- CH,S—C 
/ pyridine / N 
Н.С НС CH; 


4. Step 1: Ionization to form a secondary carbocation 
Н.С а H3C 
| HO + _ 
GHaCSEHOHS Отена + Cl 
CH; CH; 


Step 2: Rearrangement by methyl migration to form a more stable tertiary carbocation 
CH; CH; 
+ + | 
CH; СН» 


Step 3: Capture of the carbocation by water, followed by deprotonation 


CH, H;O CH; OH 
H 
CH;C—CHCH; E CH;C—CHCH; (CH35C—CH(CH3) 
CH; СН; | 
СН 
5. (а) (СНз)зСВг —".  (CHj4cocH, 


Syl, unimolecular substitution; rate = K[(CH4),CBr] 
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» Oe = Om 


542, bimolecular substitution; rate = k[C6H;;CH[NaN;] 


6. (а) Sodium iodide is soluble in acetone, whereas the byproduct of the reaction, sodium bromide, is not. 
According to Le Chátelier's principle, the reaction will shift in the direction that will replace the 
component removed from solution, in this case toward product. 


(b) Protic solvents such as water form hydrogen bonds to anionic nucleophiles, thus stabilizing them and 
decreasing their nucleophilic strength. Aprotic solvents such as DMSO do not solvate anions very 
strongly, leaving them more able to express their nucleophilic character. 


OH 07 Nat 
7. ® Ф CH,CH,0H СНзСН,Вг 
А | B C D 
Н.С “Вг CH3 
8. slow ар 
Н 
ЈЕ а HC, *OCH;CHs 
+ HOCH;CH; fast 
H 
H4G * OCH;CHa НзС ОСН>СНз 
fast 
-H* 


9,  Dissociation to give a secondary carbocation 


CH;CH;CH;CHCH(CH3); CH;CH;CH;CHCH(CH3); 


Br 


Rearrangement by hydride migration to give a tertiary carbocation 


" 
CH;CH;CH;CHC(CHs); CH4CH;CH;CH;C(CH3); 
H 
Capture of the carbocation by water to give product 
OH 
t КС ЄН?) | 
CH3CH2CH2CH2C(CH3)2 +  :O0H2 CH34CH;CH;CH2;C(CH3); 
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CHAPTER 9 
1. (а) 4,5-Dimethyl-2-hexyne (c) 6,6-Dimethylcyclodecyne 
(b) 4-Bthyl-3-propyl-1-heptyne 
ç! 
2. (a) CH3CH;CH;C-—CH, (e) (CH3)2CHC=CH 
a 
(b) CH;CH;CH;CCH; (f) Na, NH4(£) 
Cl 
HC, © 
(c) H,O0,H,SO4, HgSO, (фес 
Ci CH;CH; 
рь 
н H 
(d) Ыт 3 (h) CH3CH;CH;CHCO;H + CH3CH,CO 3H 
/ 
H № 
3. Reaction (2) is effective; the desired product is formed by an Sp2 reaction. 
СНз ТВ 
СН.СН2СН.СНСЕСМа + СНУ CH3;CH2CHC=CCH, + Ма 
Reaction (1) is not effective, owing to E2 elimination from the secondary bromide. 
i 
CH3CH,CHCH; + CH3;C=CNa CH3;CH=CHCH; + CH;C=CH + NaBr 
KOC(CH 
4 (а) СЊСЊВГ mue њс=сн, во BiCH;CHjBr 
| ..— 1. NaNH;, NH3 by 1, NaNH; E 
BrCH;CH3Br Zro m HC=CH 7LOHCHgBr 7 HC=CCH>CH3 
NaNH CH;CH2Br 
(b HC=CCH,CH; 2 NaC=CCH,CH; ———ÀÀ—-  CH4CH;CECCH;CH 
e 
Ci 1. 3NaNH;, NH 
(c) HjC—CHCH;CH; Z CICH;CHCH;CHs = КО 23 НС=ССН,СН; 
As in part (b 
HC=CCH,CH, "2". сњењсессњсн; 
NaNH CH3),CHCH3Br 
(dj нс=сн >. нс=сма EER HCzCCH;CH(CH4); 
|| 
HC=CHCH,CH(CH,), Em CH3CCH;CH(CH3); 
НзС ,H 
з. С=с 


H "CH;CH;CH;CH, 


(E)-2-Heptene 
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6. | (CHi&4CCECH (Сназссес: Ма’ 


A B 
CH4CH;CH;OH CH3CH;CH3Br 
C D 


7. E: HC CCH3;CH3 Е: CH43CH;CECCH;CH3 


22 xicHb ou 
8. C=CH Lindlar Pd 


CHAPTER 10 


(Conjugated) 


H,C=C=CHCH,CH; 


H,C=CHC=CH 
| 2 H,C=C=C(CHa4)2 


eH CH4CH-C-CHCH; 
(Conjugated) 
2. H2C=CH. СН» ЊС= CH, ,H 
сыс, с=с. 
H H H CH; 


(3Z)-1,3-Pentadiene (3E)-1,3-Pentadiene 


| [acn 
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2. H202, НО” CH;CH;OH 


H,C-CHC-CH 


СН: 


2-Methyl-1,3-butadiene 


OH 


R 
_но gion № . HO. + 
Br t OH 
CH; CH; CH3 


CH; 


Br Br 


| | 
4. (а) CHsCH=CHCHCHCH; + CH;CHCH=CHCHCH; 


Br 
(1,2-Addition) (1,4-Addition) 
e 
(b H;C—CHCHCH; + CICH;CH=CHCH; 


СН; 
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О О 
< 
a i de И » (d) | N—Br (NBS), heat 
О O 
COCH; 
(e) 
COCH; 
5, db n (cannot adopt the required s-cis conformation) 
CH 
| i -Br „СНз 
6. и === SN 
СНз in CHR 
C. E C. 
CH; 4 CH3 
Br 
Br I 
7. A: B: 
Br 
8. Bt; CH3CH;ONa NBS Br 
light, heat CH3CH;OH heat 
CHAPTER 11 
1. (а) m-Bromotoluene (c) o-Chloroacetophenone 
(b) 2-Chloro-3-phenylbutane (d) 2,4-Dinitrophenol 
CO;H ОСН; МН; СН»С1 


МО» CH; 


(b) (c) (d) @ 
Вг 
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(10 л electrons) 


(14 x electrons) 
4. (a) 8melectrons. No, the substance is not aromatic. 
(b) 6m electrons. Yes, it is aromatic. 


(c) 14m electrons. Yes, it is aromatic. 


5 = © GIC) 
6. CX (d) NajCr,07, H5SO,, H50, heat 
(b) CgHsCH)X (X = Cl, Br, I, OTs) (e) x T 
OH 
(Р? CeHsCHCHCH, 
- Вг 
ОН 


Br 
| 
72. (D Cdi CH-CHCH; HBS C;H;CHCH,CH3 
5 
(П) CeH,CH;CH;CH; m C¢H;CHCH CH; 
(or NBS, heat) 
*CH—CH; CH—CH; CH—CH; CH—CH; 


Fo- 
35555 


10. (СНС —({_у—сыв, 
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CHAPTER 12 
CH; CH; CH; 
H H H 
Br Br Br 
NO HOS 
2. (a) Slower (c) Slower 4 Ch 
СІ а 
МО; SO3H 
CHCH, CHCH; 
Br 
(b) Faster + 
Br 
+ = 
3. (a) МО; (b) Вг—Вг—РеВгз (с) SO, 
i 
CCH(CH;)> 
NO; 
4. (a) (d) 
C(CH3)3 


S 


Н.С CH; 


i Ho gu 
(c) C&H5CCI, AICI or C&;H5COCC&Hs, AICI; 


О О 
CI 
5. (a) (c) H 
Cl 
Ci 


Ci 


CN CN 
(b) t (d) CH3CH3 
а 


OCH; OCH, 


OH 
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6. (а) 


$0; .NeCHOLHUO „ 
СНЕСН gso” HOS CH(CH3); Tm НО; СОН 


( + ortho isomer) 


| || CL, FeCl 
CgHsCH2CCl pe he N ecl 
lh. unco, GC GUN UN CCH35C&H ССЊСН 
(b) Q АС (> Ке. AU SE 


or N;H4, KOH, 
heat 


2: СЊСЊЕСЕ 695 


О 
СН» || СНз 
(с) __№На, КОН, heat _ KOH, heat (СНОО 
ог Zn(Hg), or Тисно), HCl AICI, 
e 
О 
B: 
“ш. > rt 
SO3H SO3H 
ae HNO; 
COH 
___Масоо .. .HNOs (excess) _ (excess) 
7. CHO, 95034, beat H50; 
ON NO, 
(b) 


Br 3 
B | NaOCH;CH i 
cupe jno a сњ Уно. OSEE вк № 


[Prepared from benzene as in 
Problem 6(e)] 
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(c) 
CH; CH; CH; CH; 
o 
|| Cl Cl 
(CH3)2CHCC] Ch Zu(Hg), НО! 
АС! FeCl; 
JCCH(CH3); „ССН(СН;)» CH;CH(CH3); 
7 (d 
о о 
_ HNO; — Br; 
8. cio y Т Но, — cio Уно, Fen o CH3O NO; 
(+ ortho) Br 
СНО CH30 
" Pg" E Е 
O 
а! Ñ 9 
OQ 
10. 


_NaNH2, NH3 _ NH; 


ОСН; 
NO; 
HNO4, _НМОз, 50, _ _Маоснз _ 
heat 
_(Снурсна _ 
Ав“ 


CH(CH3); CH(CH3)2 
{+ ortho isomer) (+ meta isomer) 
O+ REO i OY N pon 


Or о 


The mechanism for para substitution is similar. 


ta. СА — СР 
M 
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CHAPTER 13 


1. 1: 610ppm 3: 200 MHz 
2: 1305 Hz 4: 0.00 ppm 
2. (a) Two signals BrCH,CH,CH,Br 
a b a 
a: triplet b: pentet 
Cl 
(b) Two signals CH;CH,CCH)CH, 
a b b а 
а: triplet b: quartet 


(c) Three signals, all singlets 


|| | H 
3. A: CH3COC(CH3A B: CH; OCC(CH3)3 


О О 
Йй | 
4. (а) {_У—сасысь (c) HC(COCH;CH3) 


HO DH үш, 
(b) (CH3;C—C(CH3)? (d) (CH3),C~C=N 


5. Seven signals: 


ү 
g ( Ж CCH;CH; 
cb a 


f е 


a: 6 10-30 

b: 6 20-40 

c: 6 190—220 
d-g: 6 110—175 


6.  Pentane: three signals; 2-methylbutane: four signals; 2,2-dimethylpropane: two signals 


7.  2,3-Dimethylbutane: (CH4);CHCH(CH4); 


CHAPTER 14 
1. (a) x Li 
+ 211 + Lix 
(X = С, Вг, I) 
(b) (CH3)3CBr + Mg (CH3)3CMgBr 


(c) 2CgHsCHoLi + CuX 
(X = Cl, Br, I) 


(СВЕСНИ + LiX 
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HO CH;CH; 
2. (a) (CH,),CHCH,D (c) 
(b) nc \— cmon 
О О 


i i 
3. (a) CsHsCH + (CH3)3CMgX and CgHsMgX + (CH34CCH 


(X = СІ, Br, D (X = Cl, Br, 1) 


i i 
(b) CH4CH;CH;CH + CH,CH;CH;CH;MgX and | CH4CH;CH;CH;CH + CH4CH;CH;MgX 
(X =C], Br, D (Х = С1, Br, D 
4. (a) (CH,CH,CH,),CoLi (b) СНА, Zn(Cu) 


5. Solvents A, B, and E are suitable; they are all ethers. Solvents C and F have acidic hydrogens and will react 
with a Grignard reagent. Solvent D is an ester, which will react with a Grignard reagent. 


PBr | 
6. CHy(CH;);0H = — а" | CH3(CH)) Br CH4CHj4Li + LiBr 
CH3;(CH3;)4B 
2CH3(CH>)3Li + CuBr Chhai РЕ. CH3(CH3)gCH; 
7: 
(D (сњуснесн * CHjMgB т 
372 3M gor i с 
А " е (СНУСНС(СН); 
i 
(II) CH43CCH, + (CH35CHMgBr 
Br CH; 


NBS 
peroxides, heat 


| M | 
8. Cé6HsCH2CH; CsHsCHCH; See CoHsCHMgBr 


Q 
CH; И CH; 
| 1. CH3CH CH | 
CoHsCHMgBr -> iot ( SCHCHCH; 
OH 
OH 
| OH 
9. —-(ау —CCH;CH; (г) EX 

| C=CCH; 


830 
CHAPTER 15 


i 
(b) C&H3COCH;CH; 
(c) 1.BjHg 2. H,0,, HO- 


(0 
2. (а) CgHsCH2CH 


il 
(b) CH3CCI, pyridine; or 
| 
(CH3C)50, pyridine; or CH4CO;H, Н? 


3. (a) (CH3),CHO- Nat 


(d) 
(e) 


(c) 
(d) 
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OsO,, (СНз)зСООН, (CH3)3COH, НО“ 


NaSH 


(CgHsCH,CH,),0 
K Cr) 07, Н“, НОО, heat 


i 
CsHsCH2CH 


(cry, cH080,—{ си, 
ji 
сњо, j tociens 


(Бу (CH35;C—O (7) 
(с) (CH3i5C—O (g) | 
A CH4COCH(CH3) 
| 
(d) CH4COCH(CH3); (h) (CHj,C-O 
ДУ 
1. НС — CH 
4. (D (CHj5CHBr + Mg (СНз):СНМаВг —— V 7 (CH43CHCH;CH;0H 
e Hs 
(П) (CH;),CHCH,Br + Mg (CH4);CHCH;MgBr 
Р 1. H9C—0 
(CH3),CHCH.MgBr ся (CH3)J;CHCH;CH;0H 
13 
O НС H 
H Nau 
5. (a) (c) с=с 
| H CH; 
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6. (а) РСС or PDC in CH;CL or Swern oxidation 
(b) Na,Cr,07, Ht, Н,О, heat 
(c) 1. LiAIHy; 2. HO 
(d) OsO,, (CH3);COOH, (CH3);3COH, HO- 
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OH О О 
ALJA он p AX 
7. COH COCH; 
c | 
fe | | 
1. ВН PDC 
8 (а) (CH)jC-CHCH, — TU = (СНУСНСНСНу срср (CH3)2CHCCH 
n 
1. CH;CH;MgBr _М№аС507 — 
фу [>—Сн я те == 2 ъан x Е =n 
(c) 
О 
1H c Хн 
NBS м ССН 
СеН5СН; БУ Е СеН;СН,Вг — 8 СеН;СН,МрВг ET U ior C;H;SCH;CH;CH;OH 
K5;Cr205 
H^ H;O 
heat 
C&HsCH;CH;CO;CH;CH; = CcHSCH;CH;CO;H 
CHAPTER 16 
1. CHjOCH;CH;CH, CH,OCH(CH;), CH,CH,OCH,CH; 
Methyl propyl ether Isopropyl methyl ether Diethy] ether 
CH; 
H OH 
< ОСН 
2. (а) сн.сн;“ А (d) ‚ 
CH; ^SCH3CH; 
CH; 
HQ Нн 
(b) MM c (e) CgHsSCH;CH4 
Hc 4 OH 


(c) CgH4CHCH;OH 


OH 
$5 CY м 


Pa 
| 
(f) CeHsSCH;CH; 


+ 


O^ Na OCH;CH; 
CY CH,CHI CY 
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О 
|| 
H580 — CHCOOH ДУ 
4. CH4CH;OH — a H,C=CH, === H,C—CH) 
H А “он 
Ñ В Ab. 
CH34CH;0H а CH;CH,07 Ма пао CH4CH;OCH;CH;OH 
5. (a) HQ Br О HQ SCH; 
© NaOH 5 NaSCH; Э 
О 
che HSO CH m А 
(b) Mso PN = _CH3COOH „ 8 
СНз CH, CH; 
6. А: i oos B: {_Уу—сшоснысь, 
Н.С OH CH3 
7 1. CH3MgBr H5804 
: 2. H30* heat 
НзС 
То 
on cH oon _ но“ 
ln: m 
* Hc 
HO 
CHAPTER 17 
1. (a) 34-Dimethylhexanal 
(b) 2,2,5-Trimethylhexan-3-one 
(c) trans-4-Bromo-2-methyicyclohexanone 
(d) 4-Methyl-3-penten-2-one 
Н о O 
CHC, „H ii | d ЖЫК 
2. С=с, CH3CCHCCH; CsHsCHCHCH,CH 
H CHCH; CH;CH; 


(a) (b) (c) 
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(b NH,OH 


су 


i 
(c) (СНУЖНСН + HOCH;CH,CH;,OH 


+ ee 
(d) (C6Hs)3P—CHCH2CH3 


833 


(e) NNHC&Hs 


CH; 
(f) CH;CH,CH,CH(OCH,CH,), 


|| 
(е) C6HsCCH2CH3 + (CH35 NH 
f 
(A) CHa3CH;CH;COH 


t + .. 
4. (a) (CeHs5)3P—CH2CH(CH3)2 Вг (CsHs)3P—CHCH(CH3)) 


A 
CsHsCH=CHCH(CH3)» 


С 


(b) 
О 


i 
CsHsCH» CCH, 


D 


5. (a) (1) CH3Mgl; (2) H30*; (3) H9SO4, heat 


© 


( 
( 


e 


) HOCH;CH; OH, H* (cat), heat 


) (СеН;)3Р CH, [from (CHP + СНА 


B 


Сану 


CH; 
T ie 
(b) HO = CHYCCH;CH;CH;CCH;0H 
НС” “0 CH; 
HC 


CH4CH;jI + (СН )зР 


(СНз),С=0 + (C4H3)P—CHCH; 


О 
О 


OH 


O О 
CH; CH; CH, CH; 
HOCH;CH;OH PCC І. CH;Mgl 
H* CH;CL 2. H30* 
OH О 


(CeH94P—CH;CH, г 801. (сен, P— CHCH 
CH COUR A 
(CH39C—CHCH; ———— ——- (CH35C— CHCH; 
E О 


О 


HO CH; 
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о 9 оо Оо 0 
HOCH,CH,OH 1. МАЈН, 
H* (cat) 2.150 
COH COH - CH;OH 
/ \ / \ O 
O O O O 
er PBr5 Но" ol 
CHOH CH3Br СН,Вг 
8. | 
+ 
О < ОН OH 
| H* || 30 | -H+ | 
CH4CH CH3 НН СВЕН 
HOCH; OCH, : 
" + 
OH 60:7 "S HOCH; OCH, 
| H* + СИОН —H* 1 
CHCH = CEPR == CH,CHOCH; ======= CHCH = CH;CH 
OCH3 OCH; OCH; ОСН. 
0 
9. ЕТ 
CHAPTER 18 


1. (а) 4-Methyl-5-phenylhexanoic acid 
(b) Cyclohexanecarboxylic acid 
(c) 3-Bromo-2-ethylbutanoic acid 
2.  4-Phenylbutanoic acid is Cg H5CH} CH2 CH2CO 2H. 


heat 


CeHsCH;CH;CH(CO;H); 


1. CN- 
CoHsCH2CH2CH2Br 2. Н, HO, heat 


1. Mg 
C&SH53CH;CH;CH3Br 2. СО» 
3. H,0* 
A i 
На). COHSCHQCOCH;CH, + НО 


3. CsH;CH,CO,H + CH4CH;OH 
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4. (a) Me {У 


1, LiAIH 
(b) SNO Y CH3CH;CH;CH;OH 
CN 
H+, H20 
(c) CH;CH;CH mem 
OH 
5. CH;CH;CHCO;H 
Br 
он 
6. НСОН 
OCH3;CH;CH;CH; 
ён i 9 
7. СЊСОН H CH,COH + HOCH; -———- CH,COH = CH;COH 
M pU | | 
HOCH; OCH; 
OH ‘OH ‘OH 
| H* Ci + | : -H* Hc 
CH.COH === CHsCCOH; === СН.СОСН: + НО CH,COCH; 
ОСН: OCH; 
CHAPTER 19 
1. (a) Propyl butanoate (c) 4-Methylpentanoyi chloride 
(b) N-Methylbenzamide 
WE il 
2. (a) CoHsCOCC5Hs Ф) CHyCNHCHCH,CH; (c) СеН:СОСсн; 
CH; 
i 
3. (a) SOCI (b) CsHsCOCH, (c) (CH4),CHMgX 
(X = CI, Br, 1) 
if 
-4.—(a)--CH3CO3H-- (он (dy CH3CH;3CN(CH3); + CH3CH30H 


О 


T " " 
(b) casco 7] (e) ne сон + CH3NH; HSO; 
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il 
COCH;CH; OH 
(c) Cx (f ССеН5):ССНз + СНЗСН:ОН 
(OH 
О 
ОН О 
5. СН П) 
go o0 from | CgH4C—O 
ME ) ae 
me Ne UH И аш 
2 HN—CH3 
СН» 
if I 
СО; CCI CNH) 
SOCL; NH, 
е Я CY. Cr 
СНз СН; 'CH 
A B 


on Au 
7. (а) CH;COCH; (b) CH;COCCH; 
OH NH; 
8. wc Ув Mg uc Sen uo mo S—con 
SOCI, 
| I 
њо (Уби, Мн; nc ва 


9. NazCr207 
О 
( у pen COH 


Toluene Benzoic acid 


І. LIAIH4 
(> Р. H20 Fo 


Benzoic acid Benzyl alcohol 


APPENDIX: Answers to the Self-Tests 


О 
+ 11 
Benzoic acid Benzyl alcohol Benzyl benzoate 


10. The compound is 2-chloropropanamide. 


„О 
Я и 
CH,CHG 

Ср NH; 


2-Chioropropanamide 


The compound may be prepared from 2-chloropropanoic acid as shown. 


| SOCI; 20 NH; il 
СРЕ ее ее CEGCBCNEE 
CI а 9 с 
2-Chloropropanoic 2-Chloropropanoyt 2-Chloropropanamide 
acid chloride 
CHAPTER 20 
О 
он DH 
1. (a) Н;С=ССН›СНз and CH4C—CHCH; (с) Н 
Of 
Na 
(b) 
О; 
M 0 
2. CoHsCH)CH=CCH (CH3CH))CHCH,CCH)CH, 
C&Hs 
A B 
3. een CH3CHCHC(CH3); 
СН; CH; HC—O 
OH OH O 


i ү ei 
CH;CH;CHC(CH), | CHsCHCHCHCH 
HC=0 CH, CH; 


837 


838 
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О 
{| 
РСС 
СН»СН»ОН CH;Cl CHCH 
П T ЈЕ 
NaOH МаВНа, CHOH 
2CH3CH HO CH4CHCH;CH or I LiAIH; CH4CHCH;CH;0H 
2. ЊО 
О о О 
|| 
K,CO3 CH;CH, — HyC=CHCCH; CHCH} 
+ СНС КОН CH2CH2CCH3 
i 
О O О 
Note: The order of the two steps may be reversed. 
|| 
(а) CH;CH;CEPCHCH 
Br 
oH 0 
(b) CH.CH,CH;CH,CHCHCH 
CH;CH;CH4 
Q св 
CH; 
(c) CH 
T 
(d) {Усе 
SCH; 
CH снон + ЗОН CH4CHCH = CH4CHCH CH4CHCH 
| NI А ih P us d ue "S "i 
HC— 0; H CHOH 


О 
Су + CH;CH,CCH;CH; 


i 
(a) — 
CH;CH; 


i 
(b) CgHsCHzCOCH2CH3 
COH „СОН 


e Of 


с Cl 


|| 
(d) (CH43CH;0;C);CHCH;CH;COCR;CHs 


Hog 
(e) CH;CCHCOCH;CH; 
CH2C6Hs 


(f) 1. НОУ, НО 
2. H40* 
3. heat 


|| 
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О | О 
COCH;CH 
i i SH CHCH; 
10. (а) CH4CH;OC(CH;4COCH;CH; CHCH; 
À B C 
iil it. 
(b CHa3CH;CH;CCHCOCH;CH, | CH;CH,CH,CCH)CH CH; 
CHCH; " 
D 
11. (a) 
п | 1. NAaOCH;CH; ШИП 1. HO", H,0 ii || 
CH;CCH;COCH;CH, тъгснссосизет" CHsCCHCOCH:CH, = CH4CCH;CH;COH 
| CH2COCH2CH3 3. heat 
(b) 
i i NaOCH,CH nd n d 
СензССНз + CH,CH;OCOCH;CH, —— — —- CgHsCCH,COCH,CH, LOCO i. e CCHCOCH,CH; 
H 
2. HJC— CHCCH; CADE CCHS 
і. НОУ, H;O 
2. H30* 
3. heat 
i fi 
C&H3CCH;CH;CH;CCH; 
H OCH;C 0 i 
Ма! H 
12. 2CH,CH;COCH;CH; === — CHCH;COCH;CH; о ШЕН 
- CH3CH;C-OCH;CH; 
+ CH,CH;COCH,CH; ae 
il О: 
О ee 
-CH;CH,0- 
О 
ell E —R H 
CH3CCOCH;CH; CH3CHCOCH,CH; 


CH3CH2C=O CH;CH?C—O 
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13. o-Deprotonation of the Claisen condensation product is necessary for completion of the reaction. 
The condensation product of ethyl 3-methylbutanoate can be deprotonated under the reaction conditions; 
the product from condensation of ethyl 2-methylbutanoate cannot. 


CH; О CH; O CH; О 
| il NaOCH;CH; | || | а. 
2CH3CHCH;COCH?;CH; SIBI paca ЕН CH3CHCCOCH;CH; 
Ethy! 3-methylbutanoate CHORES COHCIRGS A 
CH3 СНз 
H3CO 
| NaOCH;CH; 
2CH3CH,CHCOCH2CHs = ————= CH3CH;CCOCH;CH; 
СН; И Не 
CH3 2 


Ethyl 2-methylbutanoate Claisen product cannot enolize. 


CHAPTER 21 


1. (a) 1,1-Dimethylpropylamine, 2-methyl-2-hutanamine or 2-methylbutan-2-amine; primary 
(b) N-Methylcyclopentylamine or N-methylcyclopentanamine; secondary 


(c) m-Bromo-N-propylaniline; secondary 


О 
2. (a) NaN4 (b KCN (c) м К? 

О 

D jl 
NHCCH; NHCCH; 
. ON 
3. (a) НС № СГ (e) Р 
CH3CH3 CH;CH; 


NO; 


O 
(b) moô У (f) М мень 
(c) H4PQ2 or CH3CH)OH (g) 
В 5 { Усики, 


т i Ny 
(d) (СЊСБО or CH;CCI So 
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4. (а) 2 = I m OH 


д^ N EOR 
CHCH; HC CHCH; НС ССН; 


A B S 
алан а 
C(CH3), C(CH3)5 
(CH3CCI _НМОз _ 
5. (a) СН ^ АСВ ^ “H504 5) 
C(CH3)5 
NO; 


NaNO, НСІ Е СеН5МСН 
(с) сен, амо; _GsHSN(CH3)2 _ 


C(CH3) 

I. Sn, HCl 

2. NaOH 
NaNO;, НСІ 
н.о 
C(CH3)3 


dan 


SX. Т СН Cl CoH3N=N 


HNO; Cy FeCl; __ 1. Sn, HCI 
(0) Cds -нзо, 7 2. NaOH 


СГ 


N(CH3)2 


841 


6. In the para isomer, resonance delocalization of the electron pair of the amine nitrogen involves the nitro group. 


(їн, "NH; 
С 
<. Nt + 
y UN 
NO -07 9- 


7.  Strongest base: C, an alkylamine; Weakest base: D, a lactam (cyclic amide) 
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j 
NHCCH, МН, NH) Br 


cl а а Ci 
8. 
C(CH3)3 C(CH3)3 C(CH3) C(CH3)3 
A B C p 
CHAPTER 22 
1. p-Hydroxybenzaldehyde is the stronger acid. The phenoxide anion is stabilized by conjugation with the 
aldehyde carbonyl. 
OH 0: 0: 
H* + —— 
Q 
og Y iH Te pes 
OH OH OH 
HNO; 
2. ERATIS * 
o-Cresol NO; 
OH OH OH 
| ON 
HNO; 
и + 
СН; СНА СН; 
m-Cresol NO; 
OH OH 
| NO; 
HNO4 
CH; CH; 


p-Cresol 
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OH OH О 
CCH;CH; 
il AICI 
3. + CH3CH;CC] = 
CH; CH; 
(Friedel-Crafts acylation) 
о 
OH OCCH;CH; 
| (absence of AICI) 
+ CHCH CCO ——— ——— 
CH; CH; 
(Esterification) 
4. (a) ( у-н + BrCH(CH3) (c) СО», 125°C, 100 atm 
O^ Na* 
Br 
(b) + BrCH,CH(CH3)2 (d) E 
CH; OH 
OCH;CH-—CHCH;CH; OH CHCH; 
CHCH=CH, 
5. 
A B 
C(CH3)3 C(CH3)3 
6 1. Sn, НСІ 1. МаМО», Н2$04, H;O 


NO, NH; 


кес тезш, 
2. NaOH 2. H20, heat 


C(CH3)3 


OH 


843 
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CHAPTER 23 


(d <H H 


1. (a) "^ CHO. 
HO H H 
RE OH OH 
CHOH B-b-Erythrofuranose 


L-Erythrose 


(b) CHO 
H OH HO H H OH 
HO—.—H ? ^^ нон н—|-он 
CH;OH CH,OH d СН2ОН 


L-Threose p-Threose 


он 
(с) Н H 
OH 
OH OH 


а- D-Erythrofuranose 


20H (b) SHCOH + H;C—O 


2. (a) CH 
HO H 
HO H 

H OH 

H OH 


СНОН 


H Oc UH HO H 
3. (a) H HO (c) OH H 
HO OH H OH 
OH H 
HOCH, „О. OH 
(b) \ но) 
H 


H 
OH 


4. В-р-1доругапоѕе ( B-pyranose form of D-idose) 
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5. The products are diastereomers. 


CHO 
HO H OE 
HOCH; d HOCH, on 
HO H | ici HO g , BO d 
H—-—ou * Сон HO H HO OCH; 
H OH OCH; H 
CH,OH 
p-Mannose Methanol Methyl Methyl 
O-b-mannopyranoside B-b-inannopyranoside 
CHAPTER 24 
| 
О (ОСС Has CH;OH 
1. Ci Hs COCH О + 3NaOH CHOH + 3CguH44CO; Ма“ 
| 
СЊОСС Нз; CHOH 
Tristearin 


2. Fats are triesters of glycerol. A typical example is tristearin, shown in Problem 1. A wax is usually a mixture of 
esters in which the alkyl and acyl group each contain 12 or more carbons. An example is hexadecyl 
hexadecanoate (cetyl palmitate). 


0 
Су5Нз СОС; Нзз 


Е 
Wo 


3. (а) Monoterpene; 
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(c) Diterpene; 


RE 
КУ Ox 


4. CH4CHy& —— ,(CH3;CO;H 


7 N 
H H 
Oleic acid 
КА NaNH. a CH;(CH2)6CH2B. d 
Ji — > Na зовсксњус ] END MIR сњусњусессносн | 
O О : O 
H30* 
CH&CH»)4 |  ,(CH5;CO)H H Na;Cr,O; ij 
yq ва ^ CHXCH2;/CEC(CH;;COIH оис" CH4(CH;)CSC(CH5;CH 
H H 
5. 
28 E 
Geranyl diphosphate Limóticne- 
CHAPTER 25 
il ] 
1. (a) CeHsCH2CH (b) CcHsCH;OCNHCHCO;H (c) DCCI 
CH(CH3); 
2. ON NHCHCO;H 
СС 


NO; 
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3. (а) 


NaOCH;CH; 
ethanol 


|| NP" 
CH3CNHCH(CO;CH;CH3 СН; CNHC(CO;CH;CH3); 


| CH(CH3); 
+ 
(6) Leu-Val = H;NCHC—NHCHCO; 


CH»CH(CH3)> 


|| + 
N-Protect leucine: СеН;СН,ОССІ + HSNCHCOS; 


(CH3);CHCHjBr 
BEL LLL 


1. NaOH, HO 


847 
|| 
CH;CNHC(CO;CH;CHj); 
CH5CH(CH3); 


1. H30+ 
2. heat 


+ 
ЕЗМСНСО; 
CH35CH(CH3); 


i 
>  CoHsCH,0CNHCHCO>H 


2.H* 
CH;CH(CH3); CH;CH(CH3); 
(Z-Leu) 
+ » H* о || 
C-Protect valine: CsHsCH,OH + BaN HCO H3NCHCOCH, C,H; 
CH(CH3); CH(CH4); 
| MANC 
Couple: Z-Leu + HoNCHCOCHC¢Hs Pes CeHsCHj0CNHCHCNHCHCOCH;C6Hs 
CH(CH4); (CH3)2CHCH> О 
с Q  CH(CHy, о  CH(CHj; 
+ 
Deprotect:  CeHsCH,OCNHCHCNHCHCOCH, CH = ae HSNCHCNHCHCO; 
(CH3j;CHCH; О CH;CH(CH3) 
4.  Leu-Val-Gly-Ala-Phe 
5. (a) Pentapeptide (c) Serine (e) Ser-Ala-Leu-Phe-Gly 
(b) Four (d) Glycine 
ON NO; 
О + " + = + 
6. (a) T + H4NCH;CO; + H3NCHCO; + H3NCHCO; 
| 7f... "NHCHCOH ен; сна 
CH; 
DNP-Ala Gly Phe Leu 


848 
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+ || || + 
(b) H4NCHCNHCH;UNHCHCO? * HaNCHCO; 
СНз СН,СН5 CH;CH(CH3); 


Ala-Gly-Phe Leu 


(c) Same as part (b); Ala-Gly-Phe + Leu 


9 " 4) О ÇHCH(CH3)z 
(d) CeHsCHOCNHCHCNHCH/CNHÇHCNHCHCO;H 


CH; CHCH; 


Z-Ala-Gly-Phe-Leu 


CHAPTER 26 


In RNA, the sugar is ribose. In DNA, the sugar is 2-deoxyribose; the OH on C-2 of ribose is replaced 
by an H. 


—21.8 KJ 
Write the symbo! for the complementary bases opposite each nucleotide segment in the original strand. Recall 
that the complementary base pairs in DNA are A~ T and СС. 
(а) Original siad: —A—-A—A-G-G-T-C-C-C-G-T-4— 
Complementary вам: —T—T—T—C—-C—À--0-6-C-A-T— 
Ф) ошон — —T-A-C-T-C-0-C-0-G7^— T 8 — 
Complementary stant: —À—T—O—À-0-C-6-C-6-T-À-C— 
The pairing of RNA bases with the DNA strand is the same as DNA base-pairing, except that uracil (U) 
replaces thymine (T) in RNA. 
(a) Original stand: —A—A—-A-G-G-T-C-C-C-G- TA 


i t 
[ D 5 1 [ D 


mRNA strand: ——U—U—U—C—C—A—G-6G-6-C—À—U— 
(b) Original strand: —T-A-C-T-C-6G-C-G-G—A-—-T-G— 


mRNA dint ——ÀA-Ü-0-A-0-6-0-0-C-U-À-C— 


The codons are triplets of nucleotides in the mRNA strand. 
(a) UUU CCA GGG CAU 
(b) AUG AGC GCC UAC 


Fach mRNA codon codes for a specific tRNA and each tRNA delivers a particular amino acid to the growing 
protein. The codons and the amino acids for which they code are listed in text Table 26.4. 


(a) Codon Amino Acid (b) Codon Amino Acid 
UUU Phenylalanine AUG Methionine 
CCA Proline AGC Serine 
GGG Glycine GCC Alanine 


CAU Histidine UAC Tyrosine 
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The amino acid sequences are 
(а) Phe-Pro-Gly-His (b) Met-Ser-Ala-Tyr 


7. An anticodon is a group of three bases in a particular section of (RNA complementary to the bases of each 
mRNA codon. There is a different (RNA for each amino acid. 


(a) Codons: UUU CCA GGG CAU 
Anticodons;s AAA GGU ССС GUA 
(b) Codons: AUG AGC GCC UAC 


Anticodons: UAC UCG CGG AUG 


CHAPTER 27 


1. Inachain-growth process, monomers add one by one to the end of the growing polymer chain. Each chain has 
only one growth point. In a step-growth process, each chain has at least two growth points. The monomer is 
consumed quickly to form oligomers, and these react with each other to form the polymer. 


2. (a) Therepeating unit is formed by connecting the end atoms of the monomer. Thus, the repeating unit shown 
arose from polymerization of ethylene oxide. | 


О 
EEN — —(" 
H,C-CH, О стена - 
п 


Ethylene oxide 


(b) The source-based name of the polymer is poly(ethylene oxide). 


3. Reaction of one mole of bisphenol A with one mole of phosgene produces two moles of hydrogen chloride 
(НО). The reaction is a condensation process. 


4. The monomer used to prepare poly(vinyl acetate) is the alkene vinyl acetate. 


i 
OCCH4 


О 
| il 
CH—CH; > CH4CO- CH-CH; 
n 
Poly(vinyl acetate) Vinyl acetate 


5.  Poly(vinyl alcohol) cannot be prepared directly from vinyl alcohol as vinyl alcohol is an enol. The enol form is 
less stable than the keto form, and the major species present is acetaldehyde. 


keto-enol 
tautomerism 


i 
HOCH=CH,  ———- HCCH; 


Vinyl alcohol Acetaldehyde 


